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TEMPORAL INITIALIZATION POINTS FOR CONTEXT-BASED
ARITHMETIC CODING

{8001} This application claims priority to U.S. Patent Application No. 18/176,863, filed
March 01, 2023 and U S. Provisional Application No. 63/268,844, filed March 03, 2022
and U5, Provisional Application No. 63/362. 118, filed March 29, 2022, the entire
contents of which are incorporated by reference herein. U.S. Patent Application No.
18/176,863, filed March 01, 2023 claims the benetit of U.S. Provisional Application No.
63/268,844, filed March 03, 2022 and U S. Provisional Application No. 63/362,118,
filed March 29, 2022.

TECHNICAL FIELD

{0002} This disclosure relates to video encoding and video decoding.

BACKGROUND

{0603} Digital video capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadcast systems, wireless broadeast
systems, personal digital assistants (PDAs), laptop or deskiop computers, tablet
computers, e-book readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconterencing devices, video streaming
devices, and the hike. Digital video devices implement video coding techniques, such as
those descnbed in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Codmg (AVQ), ITU-T H.265/High Efficiency
Video Coding (HEVC), ITU-T H.266/Versatile Video Coding (VV(), and extensions of
such standards, as well as proprietary video codecs/formats such as AOMedia Video 1
{AV 1} that was developad by the Alliance for Open Media. The video devices may
transmit, receive, encode, decade, and/or store digital video information more
efficiently by implementing such video coding techniques.

{8004} Video coding technigues inchude spatial (intra-picture) prediction and/or
temporal (inter-picture} prediction to reduce or remove redundancy inherent 1o video

sequences. For block-based video coding, a video slice {¢.g., a video picture or a
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portion of a video picture} may be partitioned mto video blocks, which may also be
referred to as coding tree wnits (CTUs), coding units {CUs) and/or coding nodes. Video
blocks in an mtra-coded (1) shice of a picture are encoded using spatial prediction with
respect to reference samples in neighboring blocks in the same picture. Video blocks in
an inder-coded (P or B} shice of a picture may use spatial prediction with respect to
reference samples in neighboring blocks in the same picture or temporal prediction with
respect to reference samples in other reference pictures. Pictures may be referred to as

frames, and reference pictures may be referred to as reference frames.

SUMMARY

[66G5] In general, this disclosure describes techmques for deternuning intialization
points for one or more contexts vsed in context-based arthmetic coding, such as
context-adaptive binary artthmetic coding ({CABAC). The initialization points may be
considered as a starting point for one or more contoxis, and may mclude one or more
context states, window or rate adaptation parameters and other parameters used in the
arithmetic coding operation.

{0006} In some examples, tutialization poinis for the one or more contexts for video
data in a current slice or current picture mayv be based on imtialization points for the one
or more contexts for video data in a previous picture. Such imtialization points are
referred to as temporal initialization points.

[8007] This disclosure describes example techiiques for determuung temporal
wmitialization points for a current shice or picture. In some examples, a video coder (e.g.,
video encoder or video decoder) may utilize temporal identification (1D} values and/or
quantization parameter {QP) values to determine the temporal initialization point. In
some examples, the video coder may determune the initialization point for a current shice
based on mnitialization point of a previous slice that is located 1 a corresponding
location.

{8008} Duc to the moerory size lunitations, there roay be a limit to how many temporal
wmitialization ponts can be stored. When a new set of temporal initialization points is o
be stored, one an already stored set of temporal imtialization points may be removed.
This disclosure deseribes example techniques of memory management for insertion and

removal of tomporal initialization points based on temporal identitication values and/or
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QP values that balances memory size limitations, while ensuring that temporal
mitialization points that result in timely decoding remam n the buffer.

(80091 In one example, the disclosure describes a method of processing video data, the
method comprising: determining one or more context values for at least one context
used for encoding or decoding a current slice or picture; deterouning that a buffer for
storing sets of temporal initialization points from two or more slices or pictures for
context-based arithmetic coding is full, wherein each set of temporal indtialization poinds
1s associated with a slice or picture of the two or more slices or pictures and includes
one or more temporal inifialization points; determining a first set of ternporal
mitialization points assoctated with a slice or picture, from among the two or more
stices or pictures, based on at least one of a slice type, a temporal identification value, or
a quantization paramcter {(P) value of the slice or picture; removing the first set of
temporal mitialization points, from the buffer, that is associated with the slice or picture;
and storing, in the buffer, a second set of teraporal initialization points associated with
the current slice or picture, wherein the second st of temporal initialization points are
based on the determined one or more context values.

(8018} In onc example, the disclosure describes a device for processing video data, the
device comprising: a buffer contfigured to store sets of temporal initialization points
from two or more slices or pictures for context-based arithmetic coding; and processing
circuitry coupled to the buffer, the processing circuitry configured to: determine one or
more context values for at feast one context used for encoding or decoding a carrent
slice or picture; determine that the buffer for storing sets of temporal initialization points
from two or more slices or pictures for context-based anthmetic coding 1s full, wheren
cach set of temporal initialization points is assoctated with a slice or picture of the two
or more shices or pictures and includes one or more temporal mitialization points;
determine a first set of temporal mitialization points associated with a slice or picture,
from among the two or more shces or pictures, based on at least one of aslice type, a
temporal identification value, or a quantization parameter (QP} valae of the slice or
picture; remove the first set of temporal inutialization points, from the buffer, that 1s
associated with the slice or picture; and store, in the buffer, a second set of temporal
mitialization points associated with the current slice or picture, wherein the second set
of temporal initialization points are based on the determined one or more context values.
{0011} 1o one cxample, the disclosure describes a computer-readable storage medium

storing instructions thereon that when execcuted cause one or more processors o
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deternune one or more countext values for at least one context used for encoding or
decoding a current slice or picture; determine that a buffer for storing sets of temporal
mmitialization points from two or more shices or pictures for context-based arithmetic
coding is full, wherein each set of temporal initialization points is associated with a slice
or picture of the two or more slices or pictures and includes one or more tomporal
mitialization pomnts; determine a first set of temporal initialization points associated
with a slice or picture, from among the two or more slices o pictures, based on at least
one of a slice type, a temporal identification value, or or guantization parameter (QP)
value of the slice or picture; remove the first set of temporal initialization points, from
the buffer, that is associated with the shice or picture: and store, i the buffer, a second
sct of temporal instialization points associated with the current slice or picture, wherein
the second set of temporal inttialization points are based on the determined one or more
context values.

8612} In one exanple, the disclosure describes a deviee for processing video data, the
device comprising: moeans for deterovning one or more context values for at least one
context used for encoding or decoding a current shice or picture; means for determining
that a buffer for storing sets of temporal initialization points from two or more slices or
piotures for context-based arithmetic coding is full, wherein each set of temporal
titialization points is associated with a slice or picture of the two or more slices or
pictures and meludes one or more temporal mitialization points; means for determining
a first set of temporal initialization points associated with a slice or picture, from among
the two or more slices or pictures, based on at least one of slice type, a temporal
identification value, or a quantization parameter (QP) value of the slice or picture;
means for removing the first set of temporal initialization points, from the buffer, that is
associated with the slice or picture; and means for storing, 1o the buffer, a second set of
temporal iratialization points associated with the current slice or picture, wherein the
second set of temporal initialization pomnts are based on the detenmined one or more
context values.

18013} The details of one or more examples are set forth in the accompanying drawings
and the description below. Other featares, objects, and advantages will be apparent

from the description, drawings, and claims.
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BRIEF DESCRIPTION OF DRAWINGS

{8014} FIG. | is a block diagram illustrating an example video encoding and decoding
system that may perform the techunigues of this disclosure.

{6015} FIG. 2 15 a block diagram illustrating an example video encoder that may
perform the technigues of this disclosure.

{8816} FIG. 3 is a block diagram lustrating an example video decoder that may
perform the technigues of this disclosure.

{8017} FIG. 4 13 3 flowchart illustrating an exanple method for encoding a current
block in accordance with the techaniques of this disclosure.

{6018} FIG. 5 15 a flowchant illustrating an exanple method for decoding a current
block in accordance with the techmgues of this disclosure.

(86151 FIG. 615 a flowchart illustrating an example method of processing video data.
18028 FIG. 7 1s a flowchart tllustrating ancther example method of processing video
data.

(8021} FIG. 8 is a flowchart illustrating another example method of processing video

data.

DETAILED DESCRIPTION

{60622} In video coding, such as contexi-based arthmetic coding, a video coder{e.g .,
video encoder or video decoder) utilizes mnitialization points for imtialization of a
current pictare or slice. For instance, for context-based anthmetic coding, mchuding
context-adaptive binary artthmetic coding (CABAC), an mitialization point may be used
for cach comtext. The mitialization point may include one or more context states,
window or rate adaptation parameters and other parameters reguired for the arithmetic
coding operation.

18023} The inttialization points may be predefined. However, in some examples, m
addition to or instead of using predefined inttialization points, the video coder may
utihize temporal mitialization points. A temporal mitialization pownt may refer to an
initialization point for a previous picture in coding order that is wiilized for determining
{c.g., sclecting} an mitialization point for the curcent picture. For exanple, a temporal
itialization point may be one or more context values, or denved based on the one or

more context values, for at least one context used for encoding or decoding a current
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picture, that is then used to nitialize cordext values for at least one context of a
subsequent picture.
8024} There may be certain issues with using temporal initialization points. For
instance, a buffer that stores the teraporal inttialization points may have a limited size,
and the video coder may remove a set of temporal tutialization pounts {e.g., one or more
termnporal mitiabization points) to allow for another set of temporal imtiahization points to
be stored. This disclosure describes example techniques for determining which set of
cmporal mitialization points to remove 1o a way that ensures that the sets of teraporal
mmitialization points that remain promote efficient encoding and decoding.
{8625} In onc or more examples, a video coder stores, in a baffer, respective sets of
temporal iratialization points for a slice or picture {e.g., after coding that shice or
picture}. A set of temporal initialization points mayv include one or more tutialization
points, which as deseribed above, may be context values for a context or derived from
context values for the context used for coding a current slice or picture.
8026} For example, the video coder stores, n the buffer, a first set of temporal
mitialization points assoctated with a first shce or picture {e.g., after coding the first
slice or picture}, stores, in the buffer, a second set of temporal imtialization points
associated with a second shice or picture {¢.g., afier coding the second shice or picture},
and so forth. In this way, the buffor stores sets of temporal inttialization poiots from
two or more shices or pictures for context-based arithmetic coding. Each set of temporal
initialization pomnts is associated with a slice or picture of the two or more slices or
pictures.
(8027} Each slice or picture may have a terporal identification (ID) value and/or a
quantization parameter {QQP) value. Each slice may also be associated with a slice type.
The temporal 1D value of a previous picture may mdicate whether that previous picture
can be used for inter-prediction of a current picture. For instance, only picturcs having
the same or lower termporal 1D value of the current picture can be used for mter-
prediction of the current picture. In this way, based on bandvwidth availability or
processing capabilities, pictures having higher temporal 1D values than some threshold
can be dropped from the bitstrean or not decoded without wupacting the abiity to
decode pictares having temporal 1D values less than the threshold., The QP value is
indicative of an amount of quantization that is applied in the encoding process.
{0028} 1o one or more examples, if the buffer that stores sets of tomporal inttialization

points from two or more shices or pictures for context-based anthmetic coding 1s full,
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the video coder may determuine {e.g., identify) a fust set of temporal mitialization points,
from the buffer, associated with a slice or picture, from among the two or more slices or
pictures, based on at least one of a slice type, a temporal identification value or
quantization parameter {(QF) value of the slice or picture. As an example, the video
coder may determine {e.g., identify) a first set of tomporal mitialization points, from the
buffer, associated with a slice or picture having at least one of a smallest temporal
identification value or quantization parameter {{P) value from among the two or more
slices or pictures.

8029} In some examples, the first set of femporal imtialization points may be
associated with a slice having a shice type that 1s different than a slice type of a corrent
stice that is encoded or to be decoded. In some examples, multiple sets of temporal
tnitialization points may be stored for a shice type. In such exaraples, the video coder
may determine a grouping of sets of temporal initialization points associated with slices
having the same slice type as the current slice. The video coder may determine the first
set of teroporal inttialization points (e.g., those associated with slice or picture having
the smallest temporal identification value or QP value) from the grouping of the sets of
temporal initialization points associated with slices having the same slice type as the
current slice.

(8038 The video coder may remove the first set of temporal inttialization poiats, from
the buffer, that 1s associated with the shice or picture. The video coder may store, 1o the
buffer, a second set of temporal mnitialization poeints associated with the current slice or
picture based on the determined one or more context values of the current slice or
picture.

(8631} In one or more examples, the video coder may determine {e.g., select} a set of
temporal initialization points stored in the buffer, and initialize one or more context
values for at least one context used for encoding or decoding a subseguent shice or
picture based on the deternuned set of temporal mitialization points. To deternune the
set of temporal initialization points, the video coder may determine the slice or pichire
having a temporal identification value and/or QP value that is closest to the temporal
identification value and/or QP value of the subsequent slice or picture, and in some
cases, having the same slice type. For mstance, if the QP value for the subsequent
picture is X, then the video coder may determine which set of temporal intialization

points is associated with a picture having a QP value of X or closest to X, The video
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coder may select the determined set of temporal initialization points. The video coder
may context-based arithmetic encode or decode the subsequent shice or picture.

8032} There may be possible coding gains by removing a set of temporal initialization
points associated with a slice or picture having smallest temporal identification value or
QP value. In one or more examples, pictures having smaller temporal identitication
values and/or QP values tend to have more transform coefficients (e.g., due to less
quantization} as compared to pictures having higher temporal identification values
and/or QF values that tond to have fewer transform cocfficients. If there are a relatively
higher number of transform coefficients {¢.g., due to lower QP value), then the context
values for contexis can be updated relatively quickly and used for the remainder of a
slice {e.g., contexts can be adapted in the beginning of slice coding and the rest of the
slice will be efficiently coded).

180331 However, if there are a relatively lower number of transform cocfficients {e.g.,
due to higher QP value), then context values for context are updated relatively slowly.
That is, the slice with bigher QP value has fewer transform coefficicnts and context
adaptation will be stower, so fewer blocks of the slice will be efficiently coded.

{8034} In onc or more examples, the sets of temporal initialization points stored in the
bufter may be closer {e.g., after some mapping or scaling} to the context values that are
to be used for coding a subsequent slice or picture. Therefore, if the sets of temporal
initialization pomnts stored m the buffer are associated with pictures having higher
temporal identification values or QF valoes, then there is a better likelihood that these
sets of temporal initialization points will be useable for subsequent pictures having
higher temporal identification values or QP values. Stated another way, in some
examples, higher coding efficiency gains may be realized for slices or pictures having
higher temporal identification values or QP values using temporal initialization poiots.
Accordingly, by storing temporal initialization poiuts for pictures baving bigher
temporal identification values or QF values, and removing temporal initialization points
for pictures having lower temporal identification values or QF values doe to buffer size
fimit, the example tochnigues may promote coding efficiencies without requiring large
sized buffers.

{6635} There may be additional issues using temporal intialization points. As
described above, each picture may be associated with a temporal identification (1D)
value. However, if temporal initialization point of a picture having a higher teraporal

TP value is to be used for determuning the initialization point for a current picture, there
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may be errors because the teraporal inttialization point of the picture having the higher
temporal 1D value may not be available.

(8036} As described in more detadl, this disclosure describes example techniques in
which the temporal 1D value for a picture is used to determine whether the temporal
wnitialization points for that picture can be utilized by subsequent pictures. In this
manner, there is a redaction in the possibility of a video decoder relying upon temporal
mnitialization points that are not available.

{6037} In some examples, the temporal tnitialization points for a picture may be
different on a slice-by-shice basis. In such cases, it may be possible that temporal
mitialization point for one slice of a current picture overwrites a temporal initialization
point of a slice of the previous picture, when the temporal intialization point of the slice
of previous picture is to be available. This disclosure describes example techniques to
minimize the negative impact of overwriting temporal initialization point information,
and ensuring that the correct temporal initialization point is stored.

{8038} FIG. | s a block diagram illustrating an example video encoding and decoding
system 100 that may perform the techniques of this disclosure. The techniques of this
disclosure are generally directed to coding {(encoding and/or decoding) video data. In
general, video data includes any data for processing a video. Thus, video data may
nclude raw, unencoded video, encoded video, decoded (e ., reconstructed) video, and
video metadata, such as signaling data.

(#0339} As shown in FIG. 1, system 100 includes a source device 102 that provides
encoded video data to be decoded and displayed by a destination device 116, in this
exarnple. In particular, source device 102 provides the video data to destination device
116 via a compuoter-readable mediom 110, Source device 102 and destination device
116 may comprise any of a wide range of devices, including desktop computers,
notebook (1.¢., laptop) compuicrs, mobile devices, tablet computers, set-top boxes,
telephone handsets such as smartphones, televisions, cameras, display devices, digital
media players, video gaming consoles, video streaming device, broadeast receiver
devices, or the like. In some cases, source device 102 and destination device 116 may
be equipped for wircless coramunication, and thus may be referred to as wireless
communication devices.

[8648] fo the example of FIG. 1, source device 102 includes video source 104, memory
106, video encoder 200, and output interface 108, Destination device 116 includes

mput mterface 122, video decoder 300, memory 120, and display device 118, In
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accordance with this disclosure, video encoder 200 of source device 102 and video
decoder 300 of destination device 116 may be configured to apply the techmigues for
temporal initialization points for one or more contexts used i context-based anthmetic
coding of the video data of a current picture or slice. Thus, source device 102
represents an example of a video encoding device, while destination device 116
represents an example of a video decoding device. In other examples, a source device
and a destination device may include other components or arrangements. For example,
source device 102 may receive video data from an external video source, such as an
external camera. Likewise, destination device 116 may wnterface with an external
display device, rather than include an integrated display device.

{8041} System 100 as shown in FIG. 1 18 merely one example. In general, any digital
video encoding and/or decoding device may perform techniques for one or more
contexts used in context-based arithmetic coding of the video data of a current picture or
slice. Source device 102 and destination device 116 are merely examples of such
coding devices i which source device 102 generates coded video data for transmaission
to destination device 116, This disclosure refers to a “coding” device as a device that
performs coding {encoding and/or decoding) of data. Thus, video encoder 200 and
video decoder 300 represent examples of coding devices, in particolar, a video encoder
and a video decoder, respectively. In some examples, source device 102 and destination
device 116 may operate in a substantially symmetrical manner such that each of source
device 102 and destination device 116 inclades video encoding and decoding
componenis. Hence, systern 100 may support one-way or two-way video transmission
between source device 102 and destination device 116, e.g., for video streaming, video
playback, video broadeasting, or video telephony.

160842} In general, video source 104 represents a source of video data (i.e., raw,
unencoded video data) and provides a sequential series of pictures {also referred to as
“frames”} of the video data to video encoder 200, which encodes data for the pictures.
Video source 104 of source device 102 may mchide a video captare device, such asa
video camera, a video archive containing previously captured raw video, and/or a video
feed wterface to receive video from a video content provider. As a further alternative,

generate computer graphics-based data as the source video, ora

2 iv

video source 104 may
combination of live video, archived video, and computer-generated video. In cach case,
video encoder 200 encodes the captured, pre-captured, or computer-generated video

data. Video encoder 200 may rearrange the pictures from the received order (sometimes
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referred to as “display order”™) into a coding order for coding. Video encoder 200 may
generate a bitstream including encoded video data. Sowrce device 102 may then output
the encoded video data via output mterface 108 onto computer-readable mediom 10 for
reception and/or retrieval by, e.g., input interface 122 of destination device 116,

[0043] Memory 106 of source device 102 and memory 120 of destination device 116
represent general parpose memories. In some examples, memories 106, 120 may store
raw video data, ¢.g., raw video from video source 104 and raw, decoded video data from
video decoder 300, Additionally or alternatively, memories 106, 120 may store software
mstructions executable by, e.g., video encoder 200 and video decoder 300, respectively,
Although memory 106 and memory 120 are shown separately from video encoder 200
and video decoder 300 in this example, it should be understood that video cacoder 200
and video decoder 300 may also include internal memories for functionally similar or
equivalent purposes. Furthermore, memortes 106, 120 may store encoded video data,
¢.g.. output from video encoder 200 and input to video decoder 300, In some examples,
portions of memorics 106, 120 may be allocated as one or more video buffers, ez, to
store raw, decoded, and/or encoded video data.

(8044} Computer-readable mediom 110 may represent any type of mediam or device
capable of transporting the encoded video data from source device 102 to destination
device 116, In one example, computer-readable medium 110 represents a
communication medium to enable source device 102 to transmit encoded video data

directly o destination device 116 in real-time, e.g

F=2b]

via a radio frequency network or
computer-based network. Output interface 108 may modulate a transmission signal
meluding the encoded video data, and imput interface 122 may demodulate the received
transmission signal, according to a communication standard, sach as a wireless
communication protocol. The communication medium may comprise any wireless or
wired communication medium, such as a radio frequency (RF} spectrurm or one or more
physical transmission lines. The communication mediam may form part of a packet-
based network, such as a local area network, a wide-area network, or a global network
such as the Internet. The commumication medunim may include routers, switches, base
stations, or any other equipment that may be useful to facduate commumnication from
source device 102 to destination device 116,

18045} fo some examples, source device 102 may output encoded data from output
interface 108 1o storage device 112, Similarly, destination device 116 may access

encoded data from storage device 112 via input interface 122, Storage device 112 may
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include any of a variety of distributed or locally accessed data storage mediasuch asa
hard drive, Blu-ray discs, DVDs, CD-ROMs, flash memory, volatile or non-volatile
memory, or any other suitable digital storage media for storing encoded video data.
{0046} In some examples, source device 102 may output encoded video data to file
scrver 114 or another mtermediate storage device that may store the encoded video data
generated by source device 102, Bestination device 116 may access stored video data
from file server 114 via streaming or download.

18047} Fie server 114 may be any type of server device capable of storing encoded
video data and transmitting that cocoded video data to the destination device 116, File
server 114 may represent a web server (e.g., for a website}, a server configured fo
provide a file transfer protocol service {such as File Transfer Protocol (FTP) or File
Delivery over Unidirectional Transport (FLUTE) protocol), a content dehivery netwark
(CBN) device, a hypertext transfer protocol (HTTP) server, a Multimedia Broadeast
Multicast Service {(MBMS) or Enhanced MBMS (eMBMS) server, and/or a network
attached storage (NAS) device. File server 114 may, additionally or aliematively,
mmplement one or more HTTP streaming protocols, sach as Dynamic Adaptive
Streaming over HTTP (DASH), HTTP Live Streaming (HLS), Real Time Streaming
Protocol (RTSP), HTTP Dynamie Streaming, or the like.

[8048] Destination device 116 may access cucoded video data from file server 114
through any standard data connection, including an Internet connection. This may
inclade a wireless channel {¢.g., 2 Wi-Fi connection), a wired connection {e.g., digital
subscriber Hine (DSL), cable modem, etc ), or a combination of both that is suttable for
accessing encoded video data stored on file server 114, Input interface 122 may be
configured to operate according {0 any one or more of the various protocols discussed
above for retrieving or receiving media data from file server 114, or other such
protocols for retricving media data.

[8049] Cutput interface 108 and input mterface 122 may represent wireless
transmitters/receivers, modems, wired networking components {g.g., Ethernet cards),
wireless communication components that operate according to any of a variety of {EEE
802.11 standards, or other physical components. In cxamples where output interface
108 and mnput interface 122 comprise wireless components, output interface 108 and
input intertace 122 may be configured to transfer data, such as encoded video data,
according to a cellular communication standard, such as 4G, 4G-LTE (Long-Term

Evolution), LTE Advanced, SG, or the ike. In some examples where output interface
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108 comprises a wireless transmitter, output tderface 108 and nput mterface 122 may
be configured to transfer data, such as encoded video data, according to other wireless
standards, such as an THEE 802.11 specification, an IEEE 802.15 specification {e.g.,
ZigBee™) a Bhuetooth™ standard, or the like. In some examples. source device 102
and/or destination device 116 may mchide respective system-on-a-chip (SoC) devices.
For example, source device 102 may inchude an So( device to perform the fimctionality
attributed to vides encoder 200 and/or cutput interface 108, and destination device 116
may include an SoCC device to perform the functionality atiributed to video decoder 300
and/or input interface 122.

{86581 The techaiques of this disclosure may be applied to video coding in support of
any of a variety of multimedia applications, such as over-the-air television broadeasts,
cable television transmissions, satellite television transmissions, Intemet streaming
video transmissions, such as dvnamic adaptive streaming over HT TP {DASH), digital
video that is encoded onto a data storage medium, decoding of digital video stored ona
data storage medium, or other applications.

{60631} Input mierface 122 of destination device 116 receives an encoded video
bitstream from computer-readable medium 110 (e.g., a commumication medium, storage
device 112, file server 114, or the like). The encoded video bitstream may include
signaling information defined by video encoder 200, which is also used by video
decoder 300, such as ayntax elements having values that describe characteristics and/or
processing of video blocks or other coded units {e.g., slices, pictures, groups of pictures,
sequences, or the like). Display device 118 displays decoded pictures of the decoded
video data to a user. Dhsplay device 118 may represent any of a vanety of display
devices such as a liqund crystal display (LCD), a plasma display, an organic hght
emitting diode (OLED) display, or another tvpe of display device.

{0052} Although not shown 1n FIG. 1, in some examples, video encoder 200 and video
decoder 300 may each be integrated with an audio encoder and/or audio decoder, and
may include appropriate MUX-DEMUX units, or other hardware and/or software, to
handic multiplexed streams including both audio and video in a common data stream.
18053} Video encoder 200 and video decoder 300 cach may be mnplemented as any of a
variety of suitable encoder and/or decoder circuitry, such as one or more
microprocessars, digital signal processors {DSPs), application specific integrated
circuits (ASICs), field progranvnable gate arrays (FPGAs), discrete logic, software,

hardware, firmware or any combinations thereof. When the techniques are implemented
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partially in software, a device may store tustructions for the software in a suitable, non-
fransitory computer-readable medium and execute the mstructions in hardware using
one or more processors to perform the techniques of this disclosure. Each of video
encoder 200 and video decoder 300 may be included in one or more encoders or
decoders, either of which may be integrated as part of a combined encoder/decoder
{CODEC) in a respective device. A device including vides encoder 200 and/or video
decoder 300 may comprise an integrated circuit, a microprocessor, and/or @ wireless
conununication device, such as a cellular telepbone.

8034} Video encoder 200 and video decoder 300 may operate according 1o a video
coding standard, such as FTU-T H.263, also referred to as High Efficiency Video
Coding (HEVC) or extensions thereto, such as the multi-view and/or scalable video
coding extensions. Alternatively, video encoder 200 and video decoder 300 may
operate according to other proprietary or industry standards, such as I'TU-T H.266, also
referred to as Versatile Video Coding (VYV} In other examples, video encoder 200
and video decoder 300 may operate according to a proprictary video codec/format, such
as AOMedia Video 1 (AV1), extensions of AV, and/or successor versions of AV {e.g.,
AV2). In other examples, video encoder 200 and video decoder 300 may operate
according to other proprictary formats or industry standards. The techniques of this
disclosure, however, are not limited to any particular coding standard or format.

[BO5S] In general, video encoder 200 and video decoder 300 may be configured to
perform the technigues of this disclosure in conjunction with any video coding
techaoigues that use temporal initialization points for one or more contexts used in
context-based arthmetic coding of the video data of a current picture or shee. For
mstance, the plurality of temporal initialization poinis are included i video data of one
or more previous slices or pictures that precede the current slice or picture in coding
order.

(8056} The temporal initialization points may be associated with a slice or picture.
Therefore, there may be a plurality of sets of temporal initialization points for each slice
or picture. For instance, a first set of temporal mitialization points may be associated
with a first slice or picture, a second st of temporal inttialization poiunts may be
associated with a second shice or picture, and so forth.

{8837} Hach set of temporal initialization points may be the context values for at least
one coutext of a slice or picture, or may be values dertved from the context values for

the at least one context of the slice or picture. Video encoder 200 and video decoder
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300 may, if temporal initialization is enabled for context-based arithroetic coding, usc a
stored set of temporal imtiahization points {e.g., for a previously encoded or decoded
stice or picture) to initialize context values for the at least one context for encoding or
decoding a subsequent slice or picture. Video encoder 200 and video decoder 300 may
update the context values, after the mitialization using a st of initialization points, as
video encoder 200 and video decoder 300 encode or decode blocks of the subsequent
slice or picture.

{0038} As described itnmore detail, 1n one or more examples, a buffer stores the sets of
temporal initialization points. However, the number of possible sets of temporal
mmitialization points may be relatively large, and there may be a size himit to the buffer.
Therefore, video encoder 200 and video decoder 300 mayv be configured to perform
butfer management, in which video encoder 200 and video decoder 300 selectively
determine which set of initialization points to remove to make memory space for a new
set of inttialization potints to be inserted into the buffer,

10659} This disclosure describes exarnple techoigues for such buffer managersent. For
example, if the buffer is full, video encoder 200 and video decoder 300 may evaluate
temporal identification (1D} valucs and/or QP values of slices or pictures, possibly along
with slice type, with associated temporal mitialization points that are stored in the
butfer. Forinstance, mn addition to storing the scts temporal imtialization points, the
buffer may store mformation indicative of the temporal ID value and/or QP value of the
slice or picture, and possibly the slice tvpe {c.g., I-shice, B-slice, P-slice} associated with
cach set of the temporal initialization points.

(80581 Video encoder 200 and video decoder 300 may compare the temporal 1D values
and/or QP values of the slices or pictures associated with the sets of temporal
initialization pomis stored in the buffer. Based on the comparison, video encoder 200
and video decoder 300 may determine a set of temporal initialization points associated
with a slice or picture based on atemporal 1D value or QP value of the shice or picture.
For instance, video encoder 200 and video decoder 300 may determine a set of temporal
initialization points assoctated with a slice or picture haviog at least one of a smallest
teruporal D value or QF value, Video encoder 200 and video decoder 300 may remove
the first set of temporal initialization poinis to make memory space for a second set of
temporal initialization points associated with a current slice or picture {€.2., a just

encoded or decoded shice or picture). The second set of temporal initialization points
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may be based on the one or more context values determined for the current slice or
picture.

8061} In one or more examples, video encoder 200 and video decoder 300 may
determine the set of temporal initialization points that is to be removed also based on
the shice type. In some examples, if the buffer stores a set of temporal tutialization
points associated with a slice having the same shice type as the corrent shice, video
encoder 200 and video decoder 300 may remaove that set of temporal instialization
points. In some cases, video encoder 200 and video decoder 300 may remove that set of
temporal initialization points even 1f there are sets of temporal witialization poinis
associated with slices or pictures having a lower temporal wdentification value and/or P
value.

[8062] For example, to remove a set of temporal witialization points, video encoder 200
and video decoder 300 may first determine whether there is a set of temporal
initialization points associated with a slice having a shice type that is the same as the
shice type of the current slice. i ves, video encoder 200 and video decoder 300 may
remove that set of temporal imitialization points. If no, video encoder 200 and video
decoder 300 may add the set of temporal initialization points of the current slice to the
bufter, assuming that the buffer is not full. In the above example, vides encoder 200
and video decoder 300 priontized slice type, but the example techniques are not so
timited. In some examples, to remove a set of temporal initialization points, video
encoder 200 and video decoder 300 may first determine whether there is a set of
temporal mitialization points associated with a slice having temporal identification
value or QP value that 1s the same as the temporal identification value or QP value of
the carrent slice, regardless of the slice type. If yes, video encoder 200 and video
decoder 300 may remove that set of tomporal imtialization points.

(8063} However, in instances where the buffer is full, and a set of temporal initialization
points is to be removed, video encoder 200 and video decoder 300 may perform the
example technigoes described in this disclosare such as determining a set of temporal
initialization points assoctated with a slice or picture haviog at least one of a smallest
temporal 13 value or QF value, and then removing that sct of temporal iutialization
points.

(8064} As also described in more detail, video encoder 200 and video decoder 300 may
determaine {c.g., select) at least one set of temporal mitialization potats of the plurality of

=t

sets of temporal initialization points based on the respective temporal dentification (ID)
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values and/or quantization parameter {QP) values of the slices or picture associated with
the plurality of sets temporal imstialization points and a temporal ID value or QP value
of the corrent picture or shice. In this manner, there may be reduction in possibility of
not having temporal initialization points that are to be available for the current picture,
such as when pictures having higher teroporal 1D values than that of the current picture
are removed from the bitstream or not processed.

18065 Video encoder 200 and video decoder 300 may perform block-based coding of
pictures. The term “block™ generally refers to a structure including data to be processed
{c.g., encoded, decoded, or otherwise used m the encoding and/or decoding process).
For example, a block may imclude a two-dimensional matrix of samples of luminance
and/or chrominance data. In general, video encoder 200 and video decoder 300 may
code video data represented ina YUV {e.g., Y, Ch, Cr) format. That is, rather than
coding red, green, and blue (RGB} data for samples of a picture, video encoder 200 and
video decoder 300 may code lominance and chrominance components, where the
chrominance compouends may include both red hue and blue bue chronunance
components. In some examples, video encoder 200 converts received RGB formatted
data to a YUV representation prior to encoding, and video decoder 300 converts the
YUV representation to the RGB format. Alternatively. pre- and post-processing units
{not shown} may perform these conversions,

{8066} This disclosure may generally refer to coding {e.g., encoding and decoding} of
pictares to include the process of encoding or decoding data of the picture. Similardy,
this disclosure may refer to coding of blocks of a picture to mclude the process of
cucoding or decoding data for the blocks, e.g., prediction and/or residual coding. An
encoded video bitstream generally mmehudes a series of values for svntax elements
representative of coding decisions {(e.g., coding modes) and partitioning of pictures into
blacks. Thus, references to coding a picture or a block should generally be understood
as coding values for syntax elements forming the picture or block.

{80671 HEVC defines vartous blocks, including coding wnits (CUs), prediction units
{(PUs), and transform vnits (TUs). According to HEV(, a video coder (such as video
encoder 200} partitions a coding tree untt ({CTU) ito CUs according to a quadiree
structure. That is, the video coder partitions CTUs and CUs into four equal, non-
overlapping squares, and each node of the quadtree has either zero or four child nodes.
Nodes without child nodes may be referred to as “leaf nodes,” and CUs of such leaf

nodes may melude one or more PUs and/or one or more TUs. The video coder may
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further partition PUs and TUs. For example, in HEVC, a residual guadtres (RQT)
represents partitioning of TUs. In HEVC, PUs represent inter-prediction data, while
TlUs represent residual data. CUs that are mtra-predicted inchide intra-prediction
mformation, such as an intra~-mode indication.

[8068] As another example, video encoder 200 and video decoder 300 may be
configured to operate according to VVC. According to VVC, a video coder {such as
video encoder 200} partitions a picture into a plurality of coding tree units (CTUs).
Yideo encoder 200 may partition a CTU according to a tree structure, such asa
quadtree-binary tree (QTBT) structure or Multi~Type Tree (MTT) structure. The QTBT
structure removes the concepts of mudtiple partition types, such as the separation
between CUs, PUs, and TUs of HEVC. A QTBT structure includes two levels: a first
level pattitioned according to guadiree partitioning, and a sccond level partitioned
according to binary tree partitioning. A root node of the QTBT stracture corresponds to
a UTU. Leaf nodes of the binary trees correspond to coding units {CUs),

[8065] In an MTT partitioning structure, blocks may be partitioned using a quadtree
{QT) partition, a binary tree (BT) parfition, and one or more types of triple tree (TT)
{also called temary tree (TT)) partitions. A triple or tornary tree partition is a partition
where a block is split into three sub-blocks. In some examples, a triple or ternary tree
partition divides a block into three sub-blocks without dividing the original block
through the center. The partitioning tvpes in MTT {e.g., QT, BT, and TT}, may be
symmetrical or asymmetrical.

[8070] When operating according to the AV1 codec, video encoder 200 and video
decoder 300 may be configured 1o code video data in blocks. In AV, the largest coding
block that can be processed is called a superblock. In AV, a superblock can be either
128x128 luma samples or 64x64 huma samples. However, in successor video coding
formats {e.g., AV2), a superblock may be defined by dufferent {¢.g, larger) luma sample
sizes. In some examples, a superblock is the top level of a block guadtree. Video
encoder 200 may further partition a superblock into smaller coding blocks. Video
encoder 200 may partition a superblock and other coding blocks into smaller blocks
using square or non-square partitioning. Non-square blocks may include N/2xN,
NxN/Z, N/AN, and NxIN/4 blocks. Video encoder 200 and video decoder 300 may
perform separate prediction and transform processes on each of the coding blocks.
(0071} AV also defines a tile of video data. A tile is a rectangular array of superblocks

that may be coded independently of other tiles. That is, video encoder 200 and video
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decoder 300 may encode and decode, respectively, coding blocks within a tile without
using video data from other tiles. However, video encoder 200 and video decoder 300
may perform filtering across tile boundaries. Tiles may be uniform or non-umforny in
size. Tile-based coding may enable parallel processing and/or multi-threading for
encoder and decoder tmplementations,

{8072} In some examples, video encoder 200 and video decoder 300 may use a single
QTBT or MTT structure to represent cach of the luminance and chrominance
compouents, while in other examples, video encoder 200 and video decoder 300 may
use two or more QTBT or MTT structures, such as one QTBT/MTT structure for the
luminance component and another QTBT/MTT stractare for both chrominance
components {or two QTBT/MTT stractures for respective chrominance components).
(8073} Video encoder 200 and video decoder 300 may be configured to use gquadtree
partitioning, QTBT partitioning, MTT partitioning, superblock partitioning, or other
partitioning structures.

{0074} In some examples, a CTU includes a coding tree block (CTB) of luma samples,
two corresponding CTBs of chroma samples of a picture that has three sample arrays, or
a CTB of samples of a monochrome picture or a picture that is coded using three
separate color planes and syntax stractures used to code the sampies. A CTB may be an
NxN block of samples for some value of N such that the division of a component mto
{TBs is a partitioning. A component 1s an array or single sample from one of the three
arrays (luma and two chroma} that compose a pictare i 4:2:0, 4:2:2, or 4:4:4 color
format or the array or a single sample of the array that compose a picture in
monochrome format. In some examples, a coding block is an MxN block of samples
for some values of M and N such that a division of a CTB into coding blocks s a
partitioning.

{8075} The blocks (e.g., CTUs or CUs) may be grouped in various ways i a picture,
As one exarple, a brick may refer to a rectangular region of CTU rows within a
particudar tile 1 a picture. A tile may be a rectapgular region of CTUs within a
particular tile colwmn and a particular tile row 1n a picture. A tile cohunn refers to a
rectangular region of CTUs having a height equal to the height of the picturc and a
width specified by syntax clements {e.g., such as in a picture parameter set). A tile row
refers to a rectangular region of CTUs having a height specified by syntax elements

{c.g., such as in a picture parameter set) and a width equal to the width of the picture.
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18076} In some exaraples, a tile may be partitioned into multiple bricks, cach of which
may include one or more CTU rows within the tile. A tile that is not partitioned nto
muldtiple bricks may also be referred to as a brick. However, a brick that i3 a true subset
of a tile may not be referred to as atile. The bricks in a picture may also be arranged in
aslice. A shice may be an mtoger number of bricks of a picture that may be exclusively
contained in a single network abstraction layer (NAL) unit. In some examples, a slice
includes either a number of complete tiles or only a consccutive sequence of complete
bricks of one tile.

(80771 Thus disclosure may use “NxN” and “N by N” interchangeably to refer to the
sample dimensions of a block (such as a CU or other video block} in terms of vertical
and horizontal dimensions, ¢.g., 16x16 samples or 16 by 16 samples. In general, a
16x16 CU will have 16 samoples in a vertical direction {y = 16) and 16 samplesina
horizontal direction {x = 16}. Likewise, an NxN CU generally has N samples in a
vertical direction and N samples in a horizontal direction, where N represents a
nonnegative nteger value, The samples i a CU may be arranged in rows and columas.
Moreover, CUs may not necessanily have the same number of samples in the horizontal
direction as in the vertical direction. For example, CUs may comprise NxM samples,
where M is not necessarily equal to N

[8078] Video encoder 200 encodes video data for CUs representing prediction and/or
residual imformation, and other information. The prediction information indicates how
the CU is to be predicted in order to form a prediction block for the CU. The residual
information generally represents sample-by-sample differences between samples of the
CU prior to encoding and the prediction block.

(88751 To predict a CU, video encoder 200 may generally form a prediction block for
the CU through inter-prediction or mira~-prediction. Inter-prediction generally refers to
predicting the CU from data of a previously coded picture, whereas intra-prediction
generally refers to predicting the CU from previously coded data of the same picture.
To perform inter-prediction, video encoder 200 may generate the prediction block using
one of more motion vectors. Video encoder 200 may generally perform a motion search
1o identify a reference block that closely matches the CU, e.g., in termas of differences
between the CU and the reference block. Video encoder 200 may calculate a difference
metric using a sum of absolute difference (SAD), sum of squared differcnces (S5},
mean absolute difference (MAD), mean squared differences (MSD), or other such

difference calculations to determine whether a reference block closely matches the
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curcent CU. In some examples, video encoder 200 may predict the current CU using
uni-directional prediction or bi-directional prediction.

(6088} Some examples of VVC also provide an affine motion compensation mode,
which may be considered an inter-prediction mode. In affine motion compensation
made, video encoder 200 may determine two or more motion vectors that represent non-
translational motion, such as zoom in or out, rotation, perspective motion, or other
irregular motion types.

(6081} To perform intra~prediction, video encoder 200 may determine an intra-
prediction mode to generate the prediction block. Some examples of VVC provide
sixty-seven intra-prediction modes, including varnous directional modes, as well as
planar mode and DC mode. In general, video encoder 200 determines an intra-
prediction mode that describes neighboring samples to a current block {e.g., ablock of a
CU}) from which to predict samples of the current block. Such samples may generally
be above, above and to the left, or to the left of the current block in the same picture as
the current block, assuming video encoder 200 codes CTUs and CUs in raster scan order
{left to night, top to bottom).

(8082} Video encoder 200 encodes data representing the prediction mode for a current
block. For example, for inter-prediction modes, video encoder 200 may encode data
representing which of the various available mter~prediction modes 1s used, as well as
motion information for the corresponding mode. For uni-directional or bi-directional
inter-prediction, for example, video encoder 200 may encode motion vectors using
advanced motion vector prediction (AMVP) or merge mode. Video encoder 200 may
use similar modes to encode motion vectors for affine motion compensation mode.
(80831 AV mcludes two general technigues for encoding and decoding a coding block
of video data. The two general techniques are intra prediction {¢.g., intra frame
prediction or spatial prediction) and inter prediction {e.g., inter frame prediction or
temporal prediction). In the context of AV, when predicting blocks of a carrent frame
of video data using an intra prediction mode, video encoder 200 and video decoder 300
do not use video data from other frames of video data. For most intra prediction modes,
video encoder 200 encodes blocks of a current frame based on the difference between
sample values o the current block and predicted values generated from reference
samples in the same frame. Video encoder 200 determines predicted values generated

from the reference samples based on the intra prediction mode.
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6084} Following prediction, such as intra-prediction or inter-prediction of a block,
video encoder 200 may calculate residual data for the block. The residual data, such as
a residoal block, represents sample by sample differences between the block and a
prediction block for the block, formed using the corresponding prediction mode. Video
encoder 200 may apply one or more transforms to the residual block, to produce
transformed data in a transform domain instead of the sample domain. For example,
video encoder 200 may apply a discrete cosine transform (DT, an integer transform, a
wavelet transform, or a conceptually stmilar transfomm to residual video data.
Additionally, video encoder 200 may apply a secondary transform following the first
transform, such as a mode-dependent non-separable secondary transform (MDNSST), a
signal dependent transform, a Karhunen-Loeve transform (KLT), or the like. Video
encoder 200 produces transform coefficients following application of the one or more
transtorms.

3085} As noted above, following any transforms to produce transform coefficients,
video encoder 200 may performe quantization of the transform cocfficients.
Quantization generally refers to a process in which transform coefficients are quantized
1o possibly reduce the amount of data used to represent the transform cocflicients,
providing further compression. By performing the quantization process, video encoder
200 may reduce the bit depth associated with some or all of the transform coefficients.
For example, video encoder 200 may round an »-bif value down to an m-bit value
during quantization, where # is greater than m. In some examples, to perform
quantization, video encoder 200 may perform a bitwise right-shift of the value to be
quantized.

(8086} Following quantization, video encoder 200 may scan the transform coefficients,
producing a one-dimensional vector from the two-dimensional matrix inchuding the
quantized transform coefficients. The scan may be designed to place higher energy {and
therefore lower frequencey} transform coefficients at the front of the vector and to place
lower energy (and therefore higher frequency) transform cocfficients at the back of the
vector. In some examples, video encoder 200 may utilize a predefined scan order to
scan the quantized transform cocfficients to produce a seralized vector, and then
euntropy encode the quantized transform coefficients of the vector. In other examples,
video encoder 200 may perform an adaptive scan. Afier scanning the quantized
transform cocfficients to form the onc-dimensional vector, video encoder 200 may

entropy encode the one-dimensional vector, ¢.g., according to context-adaptive binary
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arithmetic coding (CABAC). Video encoder 200 may also entropy encode values for
syntax elements describing metadata associated with the encoded video data for use by
video decoder 300 1n decoding the video data.

8687} To perform CABAC, video encader 200 may assign one or more context values
o a context within a confext model to a symbol to be travsoutied. The context values
may relate to, for example, whether neighboring values of the symbol are zero-valued or
not. The probability determination {¢.g., context value) may be based on a context
assigned to the symbol.

0088} Video encoder 200 may further geverate syntax data, such as block-based syntax
data, picture-based syntax data, and sequence-based syntax data, to video decoder 300,
¢.g., in a picture header, a block header, a slice header, or other syntax data, such as a
sequence parameter set (SPS), picture parameter set (PPS), or video parameter set
(VPS)}. Video decoder 300 may likewise decode sach syntax data to determine how to
decode corresponding video data.

6085} In this manner, video encoder 200 may generate a bitstream including encoded
video data, e.g., syntax elements describing partitioning of a picture info blocks (e g,
CUs) and prediction and/or residual information for the blocks. Ultimately, video
decoder 300 may receive the bitstream and decode the encoded video data.

{8090} fo gencral, video decoder 300 performs a reciprocal process to that performed by
video encoder 200 to decode the encoded video data of the bitstream. For example,
video decoder 300 may decode values for syntax elements of the bitstream using
CABAC in a manner substantiatly similar to, albeit reciprocal to, the CABAC encoding
process of video encoder 200, The syntax clements may define partitioning information
for partitioning of a picture into CTUs, and partitioning of each CTU aceording to a
corresponding partition structure, such as a QTBT structure, to define CUs of the CTU.
The syntax elements may further define prediction and residual information for blocks
{e.g., Cls) of video data.

{8021} The residual information may be represented by, for example, quantized
transform coefficients. Video decoder 300 may inverse quantize and inverse transform
the quantized transtorm coefficients of g block to reproduce a residuval block for the
block. Video decoder 300 uses a signaled prediction mode (intra- or inter-prediction)
and related prediction information (¢.g., motion information for trder-prediction) to form
a prediction block for the block. Video decoder 300 may then combine the prediction

block and the residual block (on a sample-by-sample basis) to reproduce the original
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block. Video decoder 300 may perform additional processing, such as performing a
deblocking process to reduce visual artifacts along boundaries of the block.
8092} This disclosure may generally refer to “signaling” certain information, such as
syntax clements. The term “signaling” may generally refer to the communication of
values for syntax clements and/or other data used to decode encoded video data. That
is, video encoder 200 may signal values for syntax elements in the bitstream. In
general, signaling refeors to gencrating a value in the bitstream. As noted above, source
device 102 may transport the bitstream to destination device 116 substantially in real
fime, or not in real fime, such as might occur when storing syntax elements to storage
device 112 for later retrieval by destination device 116,
[0893] In IVET-YO1RE: "AHG12: CABAC mitialization from previcus inter shice,”
Seregin et al., Joint Video Experts Team (JVET) of ITU-T SG 16 WP 3 and ISG/IEC
JTC 1/SC 29, 25% meeting by teleconference, 12-21 January 2022, a method using
previously encoding/decoding order CABAC (context-adaptive binary artthmetic
coding) inttialization poivts for CABAC ijntiialization of the current picture or shice is
described. Although described with respect to CABAC, the example techniques are
applicable to context-based arithmetic coding. For instance, CABAC artthmetic coding
may require a starting point for every context, and the starting point is called an
tnitialization pomnt. This starting pomt (¢.g., invtialization point) may include one or
more context states, window or rate adaptation parameters and other parameters
required for the arithmetic coding operation. For instance, there may be one or more
initialization points for one or more context values of a context, and the one or more
mrtialization points may be values {e.g., initial values) for the one or more context
valaes.
{6894} In a video codec, typically those initialization points are predefined and are
known to both video encoder 200 and video decoder 300, for example in HEVC and
/VC, the inttialization points are defined m mitialization tables for each slice type, I,
P and B-slices.
18095} In temporal CABAC wnitialization, in addition to or instead of using predefined
mitialization points, intialization pounts can be stored at g certain CTUs of a picture or
slice and those stored mitialization pomnts can be vsed to imtialize the next pictures or
stices instead of or in addition to the predefined initialization points. That is, in some
examples, temporal initiabization points are included 1o video data of one or more

previous slices or pictures that precede the current slice or picture in coding order, and
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may be for one or more contexts used in context-based arithmetic coding of the video
data of a current shice or picture.

(80696} The CTUs at which video encoder 200 or video decoder 300 may store the
initialization point{s) may vary and mformation indication the CT'Us can be signaled.
As an exanple, video encoder 200 and video decoder 300 may store the mitialization
point for a shee in the middle of the picture. That is, as video encoder 200 1s encoding
or video decoder 300 s decoding the slice, when video encoder 200 encodes or video
decoder 300 decodes a CTU i a muddle of a shice, video encoder 200 or video decoder
300 may store the current one or more context values of a context as inifialization points
that are used to encode or decode syntax elements in a subsequent slice or pictare. For
instance, when video encoder 200 or video decoder 300 begin to encode or decode the
subsequent slice or picture, video encoder 200 or video decoder 300 may set the witial
values for the context values of the context equal to or based on {o.g., with mapping,
scaling, weighting, etc.) the stored inttialization points. Then, as video encoder 200 and
video decoder 300 are encoding or decoding the subsequent slice or picture, video
encoder 200 and video decoder 300 may updaie the context values from the mitial
values based on more recently encoded or decoded video data.

18697} In some examples, video encoder 200 and video decoder 300 may store
titialization points after coding CABAC states, windows, and other parameters of a
certain CTU. For example, storing means to store after, for a certain CTU, coding
CABAC states, windows, and other parameters for the initialization. For instance, the
parameters that are adapted to a coded content in a previous picture may be better at
representing the starting nitialization point for video data of a carrent picture than the
predefined mitialization point.

{6098} The storing may be done separately for cach slice tvpe and slice quantization
parameter (QP). In some examples, the imitialization with the same slice type and the
same QP as the current slice can be used for the current slice CABAC initialization.
{80991 There may be certain issues with temporal mittalization points for context-based
arithmetic coding. For example, since slices of the current picture may be
mndependently decoded, and pictures with temporal dentification (1) values higher
than a threshold can be removed as part of temporal scalability, technigues that utilize
temporal initialization points may be refined to allow temporal scalability while

ensuring that useable temporal inialization points are available.
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10100} In some examples, multiple mitialization poinis mav be stored from previous
pictures m coding order, for example in FIFO buffer where the top mitialization point is
from the previous picture closest to the current picture. As an example, a buffer may
store a first set of itialization pomts for one or more context values of a context for a
furst slice o7 picture, store a sccond sct of mitialization points for one or more context
values of the context for a second shice or pictwre, and so forth.

18191} An index can be mitroduced to indicate which mitialization point is used from
the FIFQO buffer, and such mrtialization ndex is signaled 1n a bitstream, for example in
picture or slice header. For example, video encoder 200 may signal and video decoder
300 may receive an index into the buffer that indicates which set of mitialization points
to use for mitializing one or more contoxt values of a context of a slice or picture that is
currently being decoded. Video decoder 300 may retricve a set of intialization points
based on the mdex, and initialize one or more context values of a context. For instance,
video decoder 300 may set the initial values of the one or more context values equal to
the retrieved set of intialization points. As another example, video decoder 300 may
map, scale, weight, or perform some other operation, the retrieved set of mitialization
points to determing the initial values of the one or more context vahues.

10102} The following describes temporal scalability. and use of teruporal mitialization
points for toroporal scalability. Every coded picture may have a temporal [D value
assigned by video encoder 200, Video encoder 200 may signal the temporal ID value in
a network abstraction layer onit (NALU) header. The temporal ID value is used for
temporal scalability, where certain picture can be ignored {¢.g., removed from the
bitstream or not processed), and other pictures can be decoded without pictures that are
removed or not processed.

{6103} In onc example, temporal scalability can be achieved by setting a restriction that
pictures having lower temporal 1D value canvot use pictures having hugher temporal ID
values for mnter-prediction. In this case, video decoder 300 may be able to decode
pictares having lower temporal ID values without using pictures having higher temporal
1D values because the pictures having higher temporal 1D values cannot be used for
mter-prediction of pictures having lower temporal I values. Accordingly, pictures
having higher temporal ID values can be removed from a bitstream or not processed
{c.g., ignored). When temporal initialization for context-based arithmetic coding is

applied, video encoder 200 and video decoder 300 may utilize the temporal 1D value to
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identify the available stored inmialization points for the current slice/picture
mitialization,
(6104} In one or more examples, video encoder 200 and video decoder 30 may store
temporal 1D value with an inttialization point. For example, each set of initialization
points, where a set ncludes one or more mitialization points, may be associated with a
stice or picture. Video encoder 200 and video decoder 300 may store the set of
mitialization points and information indicative of the temporal 1D value of the slice or
picture associated with the set of trutialization potnts. As an example, a first set of
fmttialization points may be associated with a first slice or picture having a first temporal
ID value, and a second set of initialization points may be assoctated with a second slice
or picture having a second temporal 1D value. Video encoder 200 and video decoder
300 may store the first sot of initialization points and the first torporal 1D value, and
information that the first temporal 1D} value is for the first slice or picture that is
associated with the first set of initialization points (¢.g., associate the first temporal 1D
value and the first set of mutialization pomnts). Video encoder 200 and video decoder
300 may store the second set of mitialization points and the second temporal 1D value,
and information that the second temporal 1D valae is for the sccond slice or picture that
is associated with the second set of inifialization points {¢.g., associate the second
temporal 1D value and the second set of inttialization poiots).
(3105} To determine {¢.g., sclect) an inttialization point based on the temporal 1D value
of the stored sets of initialization points, video encoder 200 and video decoder 300 may
compare the temporal ID value against the current slice/picture temporal ID. For
example, video encoder 200 and video decoder 300 may select at least one set of
temporal initialization points of the phurality of sets of temporal imitialization pomts
based on the respective temporal 1D values associated with the plurality of sets of
temporal iratialization points and a teraporal 1D value of the current picture or slice.
(106} The sets of imtialization points having a teraporal 1D equal or smaller than the
carrent temporal [D are selected as available ones. For example, to determine the at
cast one set of temporal initialization points, video encoder 200 and video decoder 300
ray determing a group of temporal initialization pouts of the plurality of sets of
temporal inihalization points, where the respective temporal 1D values for the group of
temporal initialization points is less than or equal to the termporal ID value of the current
picture or slice. Video encoder 200 and video decoder 300 may select the set of

temporal inrtialization points from the group of temporal initialization points.
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18107} In one example, only sets of mitialization points having the same temporal 1D as
the current slice/picture temporal ID are selected as available imtialization points. For
mstance, as smaller temporal ID typrcally have lower QP, initialization points from
previcus pictures having lower temporal ID values may not properly represent the
tnitialization pownt for a slice of a current picture. In some examples, to deternuine the at
least one set of temporal initialization point, vides encoder 200 and video decoder 300
may determine a group of temporal initialization pounts of the plurality of scts temporal
mitialization points, where the respective tempaoral 1D values for temporal mitialization
points in the group of temporal tnitialization points is equal to the temporal ID value of
the current picture or slice. Video encoder 200 and video decoder 300 may select the at
least one sef of temporal initialization point from the group of temporal initialization
points.
{4108} In another example, the mtialization pont with the same temporal 1D is
searched, if such an mitialization point is not available then smaller temporal ID is
checked, for example the current tomporal 1D value wuous 1, 1f 1t is not available then
the current temporal ID value minus 2 18 checked, and so on. The found set of
initialization points is used for the nitialization.
{8109} For example, to deternine the at least one set of temporal iitialization points,
video encoder 200 and video decoder 300 may determine that no temporal initialization
point n the plurality of sets of temporal inthialization points has a temporal 1D value
that 15 equal to the temporal 1D value of the current picture or slice. Basedona
determination that no temporal inmtialization point in the plurality of sets of temporal
mrtialization points has a temporal TD value that is equal to the temporal ID value of the
current pictare or slice, vidso encoder 200 and video decoder 300 may determine
whether any temporal initialization point in the plurality of sets of temporal
initialization points has a temporal 1D value that s one less than the teraporal 112 value
of the current picture or shice. Based on the deternunation that there are one or more
temporal mitialization points having a temporal 1D valoe that is one less than the
emporal 1D value of the current picture or slice. video encoder 200 and video decoder
300 may sclect the at least one sct of temporal itialization points from the one or more
sets of temporal intialization points having the temporal 1D value that is one less than
the temporal ID value of the current picture or shice.
{0110} Sioularly, jnstead of the using the same QP tnitialization, when it is not available

the QP - 1 or QP + 1 is scarched and used if stored, if not available QP -2 or QP + 2 13
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checked on so on. The found one 15 used for the vutialization. Temporal 1D and QP
search can be combined when the same temporal ID and QP initialization point 18 not
available.

{8111} For instance, in one or more examples, video encoder 200 and video decoder 30
may store QF value with an imtialization point. For exarople, cach st of vutialization
points, where a sct includes one or more imttialization points, may be associated with a
stice or picture. Video encoder 200 and video decoder 300 may store the set of
mitialization points and information indicative of the QF value of the slice or picture
associated with the set of imtialization points. As an example, a first set of inttialization
points may be associated with a first slice or picture baving a first QF value, and a
second set of mitialization points may be associated with a second slice or picture
having a second QP value. Video encoder 200 and video decoder 300 may store the
first set of mtialization points and the first QF value, and information that the first QP
value is for the first slice or picture that is associated with the first set of initialization
points {e.g., associate the first QP value and the first sot of initialization points). Video
encoder 200 and video decoder 300 may store the second set of initialization ponts and
the second QP value, and information that the second QF value is for the second slice or
picture that is agsociated with the second set of trutialization points {e.g.. associate the
second QP value and the second set of initialization poinis),

{8112} In one example, only sets of mitialization ponts having the same QP value as
the current slice/picture QP value are selected as available inthalization points. In some
examples, to determine the at least one set of temporal initialization point, video
eucoder 200 and video decoder 300 may determine a group of temporal imtialization
points of the plurality of sets temporal initialization points, where the respective QP
values for temporal initialization points in the group of temporal initialization points is
cqual to the QP value of the current picture or shice. Video encoder 200 and video
decoder 300 mav select the at least one set of temporal imtialization point from the
group of temporal initialization points.

18113} In another example, the mitialization point with the same QP value is scarched,
if such an mitialization point is vot available then closest QP value is checked, for
example the cwrrent §P value plus or minus 1, if' 1t is not available then the comrent QP
value plus or minus 2 is checked, and so on. The found set of initialization points is

used for the inttialization.
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i0114} For cxample, to determine the at least one set of temporal initialization points,
video encoder 200 and video decoder 300 may determine that no temporal initialization
point in the plurality of sets of temporal initialization points has a QP value that is equal
to the QP value of the current picture or slice. Based on a determination that no
temporal iratialization poud iu the plurality of sets of teoporal inttialization points has a
QP value that is equal to the QF valae of the carrent picture or shice, video encoder 200
and video decoder 300 may determine whether any temporal initialization point in the
plurality of sets of temporal inittalization points has a QP value that 15 one less than or
one more than the QP value of the current picture or shee. Based on the determination
that there are one or more temporal imtialization points having a QP value that is one
less than or one more than the QP value of the current picture or shice, video encoder
200 and video decoder 300 may select the at least one set of temporal inttialization
points from the one or more sets of temporal initialization points having the QP value
that is one less or one more than the QP value of the current picture or slice.

{0115} Accordingly, in one or more examples, video encoder 200 and video decoder
300 may be configured to determine (e.g., select) a sot of temporal initialization pomts
stored in the buffer, and inttialize one or more context values for at least one context
used for encoding or decoding a subsequent shice or picture based on the selected set of
temporal inatialization pownts. Video encoder 200 and video decoder 300 may context-
based anthmetic encode or decode the subsequent shice or picture. For example, video
encoder 200 and video decoder 300 may set the initial values for the context values
based on the mnitialization points, and use the initial vahies for encoding or decoding one
or more svotax values for the subsequent slice or picture. Video encoder 200 and video
decoder 300 may update the context values from the imtial valaes.

{6116} One example way to select the set of temporal initialization points may include
video encoder 200 and video decoder 300 determining a temporal identification value
for the subsequent shice or picture. Video encoder 200 and video decoder 300 may
determine that none of two or more shices or pictures having associated sets of temporal
initialization points stored in the buffer have a temporal identification value equal to the
temporal identification value for the subseguent shice or picture. In thus case, video
encoder 200 and video decoder 300 may determine a shice or picture from among the
two or more shices or pictures having a temaporal identification value that is closest to
and less than the temporal identification value of the subsequent shice or picture. To

select the set of temporal imttialization points, video encoder 200 and video decoder 300
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may sclect the set of temporal inttialization points associated with the determined shee
or picture having the temporal identification value that is closest to and less than the
temporal identification value of the subsequent stice or picture.

16117} Another example way to select the set of temporal initialization points may
nelude video encoder 200 and video decoder 300 detcomining a QP value for the
subsequent slice or picture. Video encoder 200 and video decoder 300 may determine
that nonc of two or more slices or pictures having associated sets of temporal
initialization points stored in the buffer have a QP value cqual to the QP value for the
subsequent shice or picture. In this case, video encoder 200 and video decoder 300 may
determine a slice or picture from among the two or more slices or pictures having a QP
value that is closest to the QP value of the subsequent shice or picture. In this case, the
closest (P valuc may be greater than the QF value for the current shice or picture. To
select the set of temporal imttialization pomts, video encoder 200 and video decoder 360
may select the set of initialization points associated with the slice or picture having the
QF value that is closest to the QF value of the subsequent slice or picture.

[6118] In the above examples, video encoder 200 and video decoder 300 may determine
a set of initialization points associated with a slice or picture having a temporal
identification value that s closest to the temporal entification value of the subsequent
shice or picture without being greater than the teraporal dentification value of the
current slice and/or associated with a slice or picture having the QP value that 1s closest
to the QP value of the subsequent shice or picture. In some examples, video encoder
200 and video decoder 300 may also consider the slice type in determining which set of
temporal initialization points to use. For mstance, the sct of temporal initialization
points may be associated with a slice type that is the same as the shice type of the
subsequent shice.

(8119} The following describes storing of initialization points. As described above,
slices of the same picture may be independently decoded {1 ¢, the next shice of the same
pictare cannot depend on the previcus slice of the same picture). Accordingly,
mnitialization point stored 1o the previcus slices of the same picture cannct be used for
any slice of the same picture.

{6128 To achieve this, in one example, an mitialization point {¢.g., a set of
initialization points, where the set can include one or more inttialization points} is
temporally stored m a teroporary buffer and is added from the temporary buffer to the

storage buffer only after all slices of the same picture are processed {(coded, decoded,

SUBSTITUTE SHEET (RULE 26)



WO 2023/167997 PCT/US2023/014372

parsed). In this way, the mitialization points i the teraporary buffer may be updated
until all slices of the same picture are processed, and then the storage buffer receives the
mitialization points from the temporary buffer.

{0121} When the initialization point is added, the previous stored initialization point
may be removed/replaced as the bufter has 3 lomit, and if there is an update while the
slices of the same pictares are being processed, the suitable witialization pont of the
previous picture may be replaced by the previous slice of the same picture. Thatis, fa
temporary buffer is not utilized, there 1s a possibility that the ntialization points 1o the
storage buffer that should be kept are overwnitten. By utilizing the temporary buffer, it
may be possible to avoid overwriting initialization points in the storage buffer that
should be kept, and overwrite the storage buffer, with mitialization points in the
temporary buffer, only afier the slices of the same pictures are processed.

{84122} Therefore, there may be benefits to store the initialization point separately in 3
temporary buffer and update the storage buffer with the temporary buffer only after all
shices of a picture are processed. To check the end of picture, a CTU address can be
checked whether if is equal to the last CTU or slice index whether if 1s the last shice of
the picture.

{8123} For example, video encoder 200 and video decoder 300 may store, in a first
butfer, one or more temporal iitialization points for one or more contexts used n
context-based arithmetic coding of the video data of one or more previous pictures.
Video encoder 200 and video decoder 300 may store, in a second buffer, a temporal
mnitialization point {¢.g., a set of temporal initialization points} for one or more contexts
used in context-based anthmetic coding of the video data of a slice of a current picture,
where storing, in the second buffer, mclades stonng, in the second buffer, daring a
coding of the video data of the current picture. Video encoder 200 and video decoder
300 may, subsequent 1o processing a last coding tree unit {CTU) or slice of the current
picture, store the temporal imtialization point stored in the second buffer in the first
buffer.

18124} In another example, initialization points can be signaled in adaptation parameter
sets {APS), for example sumnilar to adaptive loop filter parameters set carrving filter
coefficients. An APS may already have restrictions defined for temporal 1D value
handling and not using the APS derived from the current picture to be applied to the

same picture coding.
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18128} In one or more examples, mitialization points can be stored at various picture
locations, such as center or end of picture. Other locations within the picture may be
used as well.

(8126} A choice of which storage location is used can be signaled in a bitstream. In one
example, video encoder 200 may sigral such indication and video decoder 300 may
parse such indication in picture or slice headers, or any other parameter set, or
clsewhere. Picture header may be an example signaling place as picture header is
shared by all shices of a picture, and it may not be necessary to signal the storage choice
in cach shee to achieve a picture level adaptation.

{8127} There may be multiple syntax elements signaled in picture or slice headers for
temporal CABAC, such as whether temporal initralization is applied to a picture or
shice, storage location signaling, or how to remove entry from the storage tutialization
buffer, etc. Such syntax elements signaling in picture or slice headers may be
conditioned by higher-fevel indication, for example, by the syntax signaled i SPS or
PPS jndicating whether temporal CABAC inttialization s used.

[6128] The syntax elements signaling in picture or shice headers may be also dependent
on whether an initialization entry that can be used for a slice is present in the buffer. If
such entry is not present in a buffer. temporal initialization may oot be applied, and no
syotax elements associated with the temporal idtialization may be signaled in slice or
picture headers.

[#129] The entry identification may be performed by companng temporal ID and/or GP
values for the slice to be coded and the values of the entry in the butfer. That is, tnone
or more examples, video decoder 300 mav compare the temporal identification value
and/or QP value of the slice or picture being decoded with the temporal identification
values and/or 3P values associated with each set of temporal initialization points to
sclect the sct of initialization pounts used to inttialize context values of a context used
for encoding or decoding a slice or picture.

{8138} In some examples, initialization storage may be restricted by a certain number of
entries for implementation purpose as storing it {¢.g., initialization points, but other
mformation for storage may be possibie} for every temporal I and QP can be
expensive, such as requiring a large buffer size. For example, a buffer size may be
limited to N per slice type. In such case, when buffer is full, that is, al N entries are
added to the buffer, one endry shall be removed before adding the next entry. In one

example, the number N may be set equal to 5 as 1t represents a tvpical GOP 32 coding.
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10131} The entry removal may be done by video encoder 200 and video decoder 300
according fo a certain nule based on temporal 1D values and/or QP values of buffer
entries. For example, the rule may be as follows: the entry with the smallest temporal
ID is removed, and/or the entry with the smallest temporal 1D and the smallest QP 1s
teraoved.

(3132} In some examples, if there 1s an entry for a set of temporal inttialization points
associated with a slice with the same slice type as the subsequent stice, then video
encoder 200 and video decoder 300 may remove that entry for the set of temporal
mtialization points even if there are entries of sets of initialization points associated
with a slice or picture having a smaller temporal ID or smaller QP in the buffer. In
some examples, the catry with the smallest temporal 1D and/or smallest QP may be fora
sct of temporal initialization points associated with a slice having a slice type that is
different than the slice type of the subsequent slice.

{8133} In some examples, it may be possible that there are multiple entries for one slice
type. For mstance, for slice type I-slice, the buffor may store up to 3 sets of temporal
mitialization points, for slice type P-slice, the buffer may store up to 5 sets of temporal
initialization points, and for slice tvpe B-slice, the buffer may store up to S sets of
temporal initialization points. fn such an example, video encoder 200 and video
decoder 300 may first determine the sets of tomporal initialization points associated
with a slice tvpe that is the same as the shice type of a subsequent shice. Then, video
encoder 200 and video decoder 300 may determine, within this determined sets of
temporal itialization points, a set of temporal mitialization points having a smallest
temporal identification value and/or QP value, and determine that the sct of temporal
mitialization points having a smallest temporal identification value and/or QP valoe
from within the sets of temporal initialization points having the same slice type as the
subsequent slice should be removed.

[64134] Removing the entry with the smallest QP may be due to the smallest QP slice
having more transform coefficients (less guantization), so contexts can be adapted in the
beginning of slice coding and the rest of the slice will be efficiently coded. The slice
with higher QP has fewer transform coefficients and context adaptation may be slower,
so fewer blocks of the shice will be efficiently coded.

[8135] Stated another way, having temporal initialization points allows for initialization
of context values that can then be adapted as part of the encoding or decoding. If

context values of a slice can be adapted relatively quickly {e.g., slices having lower QP
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value), then there may be some benefits of baving temporal tutialization points.
However, such benefits may be reduced because the context values of the shice having
lower QF value can be adapted relatively quickly even if not properly initialized. For
slices whose context values do not adapt relatively quickly (e.g., slices with higher QF
values}), there may be more benefit of properly imtiahizing the context values.

(3136} As an example, assume that context valaes of a first shice having a lower QP
value tends to be adapied quickly, and the context values of a second slice having a
higher QF value tends to not adapt quickly. ¥ temporal inttialization points for the first
slice are available, there may be some benefit in specding up the adapting of the context
values. However, such benefit may not be great becaunse the context values of the first
stice tend to adapt quickly even if not properly imitialized.

(8137} If teraporal mitialization points for the second slice are available, there may be
greater benefit in speeding up the adapting of the context values as compared to the first
stice. For instance, by mitializing the context values for the second slice, the adaptation
of the context values starts from values closer to the final value, and therefore, there is
better compression of blocks in the second shice as compared fo if temporal mitialization
points were not available.

[8138] As described above, slices having higher QF values tend to be slices whose
context values adapt more slowly. Therefore, if temporal uutialization pounds of slices
having higher QP values are stored in the buffer, then such temporal imtialization points
would be available for future slices where the benefits of having temporal initialization
points is more present. As a result, keeping the mitialization entry with the higher QP
may provide efficient coding for the future pictures.

{8133} Similarly, lower temporal 1D entry may be removed as typically lower temporal
1D slices are coded with smaller QP. For instance, similar to above, having temporal
tnitialization points allows for mitialization of context values that can then be adapted as
part of the encoding or decoding. ¥ context values of a slice can be adapted relatively
quickly {¢.g., slices having lower temporal identification value), then there may be some
benefits of having temporal initialization points. However, such benefits may be
reduced because the context values of the shice having lower temporal identification
value can be adapted relatively quickly even if not properly mnitialized. For shices whose
context values do not adapt relatively quickly {e.g., slices with higher temporal
tdentification values), there may be more benefit of properly tutializing the context

values.
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10140} As an example, assume that context values of a first slice having a lower
temporal 1dentification value tends o be adapted quuckly, and the context values of a
second slice having a higher temporal identification value tend to not adapt quickly. If
temporal initialization poinds for the first slice are available, there may be some benefit
in specding up the adapting of the context values. However, such benefit may not be
great because the context values of the first shice tend to adapt quackly even if not
properly inttiatized.

(6141} I temporal iitialization points for the second slice are available, there may be
greater benefit in speeding up the adapting of the context values as compared to the first
stice. For instance, by initializing the context values for the second slice, the adaptation
of the context values starts from values closer to the final value, and theretore, there is
better compression of blocks 1n the second slice as compared to f temporal intialization
points were not available.

0142} As described above, shices having higher temporal identification values tend to
be shices whose context values adapt rore slowly. Thercfore, if temporal 1ottiahization
points of slices having igher temporal identification values are stored in the buffer,
then such temporal initialization points would be avatlable for future slices where the
benefits of having temporal initialization points is more present. As a resulf, keeping
the inttialization entry with the higher temporal 1D may provide efficient coding for the
future pictures.

164143} Other rales based of temporal ID values, QP vahues or slice tvpe are possible,
and this disclosure is not limited to the exaraple roles for temporal 1D values and QF
values, or shee types. The chotee of the rule can be signaled in bitstream in picture or
slice headers, or any other parameter set, or elsewhere.

{0144} Accordingly. in one or more examples, video encoder 200 and video decoder
300 mayv be configured to process video data. To process the video data, video encoder
200 and video decoder 300 may be configured to determine one or more context values
for at least one context used for encoding or decoding a current slice or picture.

18145} Video encoder 200 and video decoder 300 may determing that a buffer for
storing sets of temporal imitialization points from two or more slices or pictures for
context-based anthmetic coding is full {e.g., there are N entries in the buffer that can
store N cntries). As described above, cach set of temporal imitialization points is
associated with a slice or picture of the two or more shices or pictures and includes one

or more ternporal initialization pomnts.
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0146} Video encoder 200 and video decoder 300 may detenmine {e.g., identify) a first
set of temporal initialization points associated with a slice or picture, from among the
two or more shices or pictures, based on at least one of a slice type, a temporal
identification value, or quantization parameter (P} value of the slice or picture. Video
encoder 200 and video decoder 300 may rerove the first set of temporal intttalization
points, from the buffer, that is associated with the slice or picture, and store, in the
buffer, a second sct of temporal initialization points associated with the current slice or
picture. The second sot of teraporal initialization points may be based on the
determined one or more context values {e.g., the second set of temporal inttialization
points are equal to the ong or more context values for the context or generated from the
one or more context values for the context).

(8147} As one example, to determine the first set of temporal inttialization pounds {e.g.,
the set of temporal initialization points that is to be removed), video encoder 200 and
video decoder 300 may determine the first set of temporal mitialization points
assoctated with the slice or picture, from among the two or more slices or pictures,
having at least one of a smallest temporal identification value or quantization parameter
{Q3P) value. Forinstance, video encoder 200 and video decoder 300 may determing the
stice or picture having the smallest temporal identification value from among temporal
tdentification values of the two or more slices or pictures, or may determine the shice or
picture having the smallest QP value. In some cases, the shice associated with the first
set of temporal imtialization points may have a slice type that 1s different than the slice
type of the current slice from among QF values of the two or more slices or pictures.
[8148] In some examples, if the buffer is full, or possibly even if the buffer 1s not full,
video encoder 200 and video decoder 300 may remove duplicate entries first, before
removing a set of initialization points associated with slice or picture having smallest
temporal identification value or QF value. For instance, if the buffer is full, or possibly
even if the buffer is not full, prior to storing a set of inthalization points i the buffer
assoctated with a current slice or picture, video encoder 200 and video decoder 300 may
deternuine whether there are any sets of initialization pounts in the buffer associated with
a slice or picture that has the same tonmporal identification value or QP value as the
current shice or picture, and/or with the same shcee type.

{8149} If there is a set of initialization points in the buffer associated with the slice or
picture that has the same temporal identification value, QP value, or slice type as the

current slice or picture, video encoder 200 and video decoder 300 may remove that set
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of imtialization pounts even if there are other sets of initialization points associated with
slice or picture having a lower temporal wdentification value or QP value. If there 1s no
set of inttialization points in the buffer associated with the slice or picture that has the
same temporal wdentification value, QP value, or shice type as the current slice or
picture, video encoder 200 and video decoder 300 may remove the st of initialization
points having a smallest temporal identification value or QP value.

3158} In some examples, the set of mitialization points having a smallest temporal
identification value or QP value that is removed may have a different slice type than the
current slice. In some examples, such as where multiple sets of temporal initialization
points can be stored for a slice type, video encoder 200 and video decoder 300 may
determine a grouping of sets of tomporal initialization points assoctated with a slices
having the same slice type as the current slice. Video encoder 200 and video decoder
300 may then determine a set of temporal initialization points within this grouping
having a smallest temporal identification value or QP value, as the set of temporal
mttialization points that is to be removed.

8151} Accordingly, video encoder 200 and video decoder 300 may determine that at
least one of a temporal identification value or QF value for the current slice or pichure is
different than a temporal identification value or P value for each of the two or more
shices or pictures having associated sets of temporal tutialization poinds stored m the
buffer. In such examples, video encoder 200 and video decoder 300 may remove the
first set of temporal initialization points based on the determination that at least one of
the temporal identitication value or QF value for the current slice or picture is different
than the temporal wentification value or QP value for cach of the two or more shices or
pictures. For example, the temporal identification valae or 3P value of the slice or
picture associated with the first set of temporal intialization points is different than the
temporal identification value or QF value of the current slice or picture.

[4152] For example, assume that the current slice or picture is a first shice or picture. In
this example, video encoder 200 and video decoder 300 may determine one or more
context values for at feast one context used for encoding or decoding a second slice or
picture. Video encoder 200 and video decoder 300 may deternune a third slice or
picture, from the two or more slices or pictures, having at least one of a temporal
identification value or QP value that is same as a temporal idenufication value or QF
value of the second slice or picture. In this example, video encoder 200 and video

decoder 300 may remove a third set of temporal mitialization points, from the buffer,
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that is associated with the third slice or picture, and store, o the buffer, a fourth set of
temporal initialization points associated with the second shice or picture based on the
determined one or more context values for at least one context used for encoding or
decoding the second slice or picturs.

(3153} fowmalization points may joclude several parameters such as nwiltiple coutexis
states and multiple adaptation rates or adaptation windows (to indicate how fast context
state can be adapted after each bin coding). Initialization storage buffer may be reduced

ge for the

by storing quantized values of those parameters to reduce the dynamic rang

possible values, which may require fewer bits to store those parameters. In one
example, video encoder 200 and video decoder 300 may store a sum of the states and a
sum of the adaptation rates. Video encoder 200 and video decoder 300 may assign the
states values a sum of the states divided by the number of states {average state). Video
encoder 200 and video decoder 300 may assign the adaptation rates (adaptation
windows) values a sum of the adaptation rates divided by the nmumber of the adaptation
rates (average adaptation rate).

{6154} In another example, video encoder 200 and video decoder 300 may only store
certain parameters {e.g., only some of the initialization points). In such examples, video
encoder 200 and video decoder 300 may intialize the other parameters from the default
values. For example, only one state and one adaptation rate are stored. When the
mitialization 1s performed, the stored values are assigned 1o the first state and to the first
adaptation rate, respectively, and the second state and the second adaptation rate are
assigned from the default initialization values that may be already stored in the codec
{c.g., video encoder 200 and video decoder 300), such as mitialization points stored per
I-, B, B-slice described above. Other valae packing mechanisms applied o the states
and adaptation rates values may be apphied as well.

[8155] The following describes nultiple inttialization points. Multiple initialization
points can be stored per picture. That is, for a picture or slice there may be a set of
mitialization points, where a set of mitialization ponts includes on initialization point or
multiple mitialization points. In one example, the multiple initialization points can be
used when more than one shice 1s used in a picture. For example, an tutialization pount
can be stored for each shee.

(8156} A slice has a relative position within a picture, so the initialization points are

stored from a previous picture corresponding to the current shice position. In one
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exarnple, an inialization point is stored in the nuddle of cach shice 10 a previous picture
and 18 used fo initialize the corresponding current shice,

(6157} The shice boundaries of the carrent and previous pietures do not have to be
aligned. In onc example, the location of where to store the initialization point is driven
by the current picture slice boundanies,

(3158} In another example, initialization point(s} are stored for every slice of the cosrrent
picture at certain position, and later pictures can decide by a certain rule which
mitialization to use. Such rules can be, for example, checking the coordinates where
mtialization was stored and compare to whether such location belongs to the current
slice and if ves, then such mitialization may be used. In another example, per slice
initialization points can be stored in a buffer and ndex is signaled for the corrent slice to
tdentify which imtialization point to be used.

{31598} For example, video encoder 200 and video decoder 300 may store a previous
temporal mitialization point for one or more contexts used in context-based arithmetic
coding of the video data of a provious slice in a previous picture. For a current slice,
video encoder 200 and video decoder 300 may determine that the current shice n the
current pictare has a location in the current picture that corresponds to a location of the
previous slice i the previous picture. Based on the current slice having the location in
the current picture that corresponds to the location of the previous shice m the previous
picture, video encoder 200 and video decoder 300 may determine a current temporal
initialization pownt for the carrent slice based on the previcus temporal inttialization
point.

(8168 FIG. 2 15 a block diagram illustrating an example video encoder 200 that may
perform the techniques of this disclosure. FIG. 2 is provided for purposes of
explanation and should not be considered limiting of the techuniques as broadly
exemplified and described in this disclosure. For purposes of cxplanation, this
disclosure describes video encoder 200 according to the technigues of VYV 3TU-T
H.266, under development), and HEVC (JTU-T H.265). However, the technigues of
this disclosure may be performed by video encoding devices that are configured to other
video coding standards and video coding formats, such as AV 1 and successors to the
AV video coding format.

(8161} fo the example of FIG. 2, video encoder 200 inclades video data memory 230,
made selection unit 202, residual generation unit 204, transform processing unit 206,

quantization unit 208, inverse quantization unit 210, inverse transform processing unit
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212, reconstruction untt 214, filter unit 216, decoded picture butfer (DPB) 218, and
entropy encoding unit 220, Any or all of video data memory 230, mode selection unit
202, residual generation unit 204, transform processing unit 206, quantization unit 208,
mverse quantization unit 210, inverse transform processing unit 212, reconstroction wnit
214, filter unit 216, DPB 218, and cotropy cocoding unit 220 may be implemented io
ONE OF MOTE Processors or in processing circuttry. For instance, the units of video
encoder 200 may be implemented as one or more circuits ot logic elements as part of
hardware circuitry, or as part of a processor, ASIC, or FPGA. Moreaver, video encoder
200 may include additional or altemative processors or processing cireuitry to perform
these and other functions.

[8162] Video data memory 230 may store video data to be encoded by the components
of video encoder 200, Video encoder 200 may receive the video data stored in video
data memory 230 from, for example, video source 104 (FIG. 1). DPB 218 mav actasa
reference picture memory that stores reference video data for use in prediction of
subsequent video data by video encoder 200, Video data memory 230 and DPB 218
may be formed by any of a variety of memory devices, such as dynamic random access
memory (BRAM), including svnchronous DRAM (SDRAM), magnctoresistive RAM
{MRAM), resistive RAM (RRAM), or other types of memory devices. Video data
memary 230 and DPB 218 may be provided by the same memory device ot separate
memory devices. In various examples, video data memory 230 may be on-chip with
other components of video encoder 200, as iilustrated, or off-chip relative to those
componenis.

[8163] In this disclosure, reference to video data memory 230 should not be interpreted
as bemng limited to memory internal to video encoder 200, unless specifically described
as such, or memory external to video encoder 200, unless specifically described as such.
Rather, reference to video data memory 230 should be understood as reference memory
that stores video data that video encoder 200 receives for encoding {e.g., video data for
a carrent block that is to be encoded). Memory 106 of FIG. 1 may also provide
temporary storage of cutputs from the various vaits of video encoder 200,

0164} The various units of FIG. 2 are llustraied to assist with understanding the
operations performed by video encoder 200, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof. Fixed-function
circuits refer to circuits that provide particular functionality, and are preset on the

operations that can be performed. Programmable circuits refer to cirenits that can be
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prograramed to perform various tasks, and provide flexible functionality in the
operations that can be performed. For mstance, programmable circuits may execute
software or firmware that cause the programmable circuits to operate in the manner
defined by instroctions of the software or firmware. Fixed-function circuits may
execute software mstructions {¢.g., to receive parameters or output parameters), but the
types of operations that the fixed-function circuits perform are generally mmutable. In
some examples, one or more of the units may be distinet circuit blocks (fixed-function
or programmable}, and in sore exaniples, one or more of the units may be mtegrated
CITCUES.

(81658} Video encoder 200 may include arthmetic logic units (ALUs), elementary
function units (EFUs), digital circuits, analog circuits, and/or programmable cores,
formed from programamable circuits. In examples where the operations of video
encoder 200 are performed using software exccuted by the programmable circuits,
memory 106 (FIG. 1} may store the instructions {e.g., object code) of the software that
video encoder 200 receives and executes, or another memory within video encoder 200
{not shown)} may store such mnstructions.

[8166] Video data memory 230 is configured to store received video data. Video
encoder 200 may retrieve a picture of the video data from video data memory 230 and
provide the video data to residual gencration unit 204 and rode selection unit 202,
Video data in video data memory 230 may be raw video data that is to be encoded.
[8167] Mode selection unit 202 includes a motion estimation wnit 222, a motion
compensation unit 224, and an intra-prediction unit 226, Mode selection unit 202 may
mchude additional fumctional units to perform video prediction in accordance with other
prediction modes. As examples, mode selection unit 202 may inclode a palstte unit, an
intra-block copy unit (which may be part of motion estimation unit 222 and/or motion
compensation untt 224}, an affine unit, a lincar model (L.M) untt, or the hike.

[4168] Mode selection unit 202 generally coordinates multiple encoding passes to test
combinations of encoding parameters and resolting rate-distortion vahies for such
combinations. The encoding parameters may mehude partitioning of CTUs into CUs,
prediction modes for the CUs, transfomm types for residual data of the CUs, quantization
parameters for residual data of the CUs, and so on. Mode selection unit 202 may
ultimately select the combimation of encoding parameters having rate-distortion values

that are better than the other tested combmations.
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18165] Video encoder 200 may partition a picture retrieved from video data merory
230 mto a series of CTs, and encapsulate one or more CTUs within a slice. Mode
selection unit 202 may partition a UTU of the picture in accordance with a tree
structure, sach as the MTT structure, QTBT structure. superblock structure, or the quad-
tree structure described above. As described above, video encoder 200 may form one or
more CUs from partitioning a CTU according to the tree structure. Such a CU may also
be referred to gencrally as a “video block™ or “block.”

(6178} In general, mode selection unit 202 also controls the components thereof {c 2.,
rootion estimation unit 222, motion compensation unit 224, and ntra~prediction umt
226) to generate a prediction block for a carrent block {e.g., a current CU, or in HEVC,
the overlapping portion of a PU and a TU). For inter-prediction of a current block,
mation estumation unit 222 may perform a motion scarch to identify one or more closely
matching reference blocks in one or more reforcnee pictures {e.g., one or more
previously coded pictures stored in DPB 218). In particular, motion estimation unit 222
moay caleulate a value representative of how similar a potential reference block 1s to the
current block, e.g., according to sum of absolute difference (SAD), sum of square
differences {(58D), mean absolute difference (MAD), mean squared differences (MSD),
or the fike. Muotion estimation unit 222 may generally perform these calculations using
sample-by-samaple differences between the current block and the reference block bemg
considered. Motion estimation anit 222 may identify a reference block having a lowest
value resulting from these calculations, indicating a reference block that most closely
matches the current block.

(81711 Motion estimation unit 222 may form one or more yaotion vectors (MVs) that
defines the positions of the reference blocks in the reference pictures relative to the
position of the current black in a current picture. Motion estimation unit 222 may then
provide the motion vectors to motion compensation unit 224, For example, for um-
directional inter-prediction, motion estimation unit 222 may provide a single motion
vector, whereas for bi-directional inter-prediction, motion estimation unit 222 may
provide two motion vectors. Motion compensation unit 224 may then generate a
prediction block using the motion vectors. For example, motion compensation unit 224
may retrieve data of the reference block using the motion vector. As another example,
if the motion vector has fractional sample precision, motion compensation unit 224 may

nterpolate values for the prediction block according to one or more mterpolation filiers.

Moreover, for bi-directional inter-prediction, motion compensation unit 224 may
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retricve data for two reference blocks identified by respective motion vectors and
combine the retrieved data, e.g., through sample-by-sample averaging or weighte
averaging.

8172} When operating according to the AV video coding format, motion estimation
unit 222 and motion compensation unit 224 may be configured to encode coding blocks
of video data {e.g., both luma and chroma coding blocks) using translational motion
compensation, affine motion compensation, overlapped block motion compensation
{OBMC), and/or compound inter-intra prediction.

[8173] As another example, for intra~prediction, or itra-prediction coding, intra~
prediction unit 226 may generate the prediction block from samples neighboring the
current block. For example, for directional modes, intra~prediction unit 226 may
generally mathematically combine values of neighboring samples and populate these
calculated values i the defined direction across the current block to produce the
prediction block. As another example, for BC mode, intra-prediction unit 226 may
calculate an average of the neighboring samples to the current block and generate the
prediction block to mclude this resulting average for each sample of the prediction
block.

{8174} When operating according to the AV video coding format, intra-prediction unit
226 may be configured to encode coding blocks of video data {¢.g., both luma and
chroma coding blocks} using directional intra prediction, non-directional intra
prediction, recursive filter intra prediction, chroma-from-tama (CFL) prediction, intra
block copy (IBC), and/or color palette mode. Mode selection unit 202 may inclade
additional functional units to perform video prediction in accordance with other
prediction modes.

{6175} Mode selection unit 202 provides the prediction block fo residual generation unit
204, Residuoal generation unit 204 receives a raw, unencoded version of the current
block from video data memory 230 and the prediction block from mode selection amit
202. Residual generation unit 204 calculates sample-by-sample differences between the
current block and the prediction black. The resulting sample-by-sample differences
define a residual block for the current block. In some examples, residual generation uoit
204 may also determine differences between sample values in the residual block to
gencrate a residual block using residual differential pulse code modulation (RDPCM).
Tn some examples, residual geoneration unit 204 may be formed using one or more

subtractor circuits that perform binary subtraction.
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18176} In examples where mode selection unit 202 partitions CUs mto PUs, cach PU
may be associated with a luma prediction unit and corresponding chroma prediction
anifs. Video encoder 200 and video decoder 300 may support PUs having various sizes.
As indicated above, the size of a CU may refer to the size of the luma coding block of
the CU and the size of a PU may refer to the size of a luma prediction unit of the PU.
Assoming that the size of a particalar CU 15 2N<ON, video encoder 200 may support PU
sizes of 2ZNx2N or NxN for intra prediction, and symumetric PU sizes of 2Nx2N, ZNxN,
NxZN, NxN, or similar for inter prediction. Video encoder 200 and video decoder 300
roay also support asymmetric partitioning for PU sizes of 2NxnU, 2NxaD, nLx2N, and
nRxZN for inter prediction.

(8177} In cxamples where mode selection unit 202 does not further partition a CU into
PUs, cach CU may be associated with a luma coding block and corresponding chroma
coding blocks. As above, the size of a CU may refer to the size of the luma coding
block of the CU. The video encoder 200 and video decoder 300 may support CU sizes
of 2Nx2N, ZNxN, or NxZN.

{6178} For other video coding technigues such as an intra-block copy mode coding, an
affine-mode coding, and linear model (LM) mode coding, as some examples, mode
selection unit 202, via respective units associated with the coding techniques, generates
a prediction block for the current block being encoded. In some examples, such as
palette mode coding, mode selection unit 202 may not generate a prediction block, and
instead generate syntax elements that indicate the manner 1 which to reconstract the
block based on a selected palette. In such modes, mode selection unit 202 may provide
these svntax elements to entropy encoding unit 228 to be encoded.

(81791 As described above, residual generation wmt 204 receives the video data for the
current block and the corresponding prediction block. Residual generation unit 204 then
generates a residual block for the current block. To generate the residual block, residual
generation unit 204 calculates sample-by-sample differences between the prediction
block and the current block.

18180} Transform processing unit 206 applics one or more transforms to the residual
block to generate a block of transtform coefficients (referred to herein as a “transform
coefficient block™). Transform processing unit 200 may apply various transforms to a
residual block to form the transtorm coefficient block. For example, transform
processing unit 206 may apply a discrete cosine transform (DCT), a directional

transform, a Karhunen-Loeve transform (KLT), or a conceptually similar transform to a

SUBSTITUTE SHEET (RULE 26)



WO 2023/167997 PCT/US2023/014372

46

residual block. o some examples, transform processing vnit 206 may pertform multiple
transforms to a residual block, e.g., a primary transform and a secondary transform,
sach as a rotatiopal transform. In some examples, transform processing unit 206 does
not apply transforms to a residual block.

[3181] When operating according to AV, transforo processing unit 206 may apply one
or more transforms to the residual block to generate a block of transform coefficients
{referred to herein as a “transform coefficicnt block™. Transform processing unit 206
raay apply various transforms to a residual block to form the transform coefficient
block. For example, transform processing unit 206 may apply a horizontal/vertical
transform combination that may include a discrete cosine transform (BCT), an
asymmetric discrete sine transform (ADST), a flipped ADST {c g, an ADST in reverse
order), and an identity transform (IDTX). When using an identity transform, the
transform is skipped in one of the vertical or horizontal directions. In some examples,
transform processing may be skipped.

6182} Quantization unit 208 may quantize the transform coefficients o a transform
coefficient block, to produce a quantized transform coefficient block. Quantization unit
208 may quantize transform coefficients of a transform cocfficient block according to a
quantization parameter {QP) value associated with the current block. Video encoder
200 {e.g., via moode selection unit 202) may adjust the degree of quantization applied to
the transform coefficient blocks associated with the current block by adjusting the QF
value associated with the CU. Quantization may introduce loss of information, and
thus, quantized transform coefficients may have lower precision than the original
transform cocflicients produced by transform processing unit 206,

(8183} Inverse quantization uvnit 210 and mverse trapsform processing wnit 212 may
apply inverse quantization and fnverse transforms £o a quantized transform coefficient
black, respectively, to reconstruct a residual block from the transform coefficient block.
Reconstruction unit 214 yoay produce a reconstructed block corresponding to the current
block {albeit potentially with some degree of distortion) based on the reconstructed
residual block and a prediction block generated by mode selection unit 202, For
exarnple, reconstruction unit 2 14 may add samples of the reconstructed residual block to
corresponding sarples from the prediction block generated by mode selection unit 202
to produce the reconstructed block.

(0184} Filter unit 216 may perform one or more filter operations on reconstructed

blocks. For example, filter unit 216 may perform deblocking operations to reduce
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blockiness artitacts along edges of CUs. Operations of filter unit 216 may be skipped,
i some examples.

6185} When operating according to AV, filter umit 216 may perform one or more
filter operations on reconstructed blocks. For example, filter unit 216 may perform
deblocking operations to reduce blockiness artifacts along edges of CUs. In other
examples, filter unit 216 may apply a constrained directional enhancement filter
{CDEF), which may be applied after deblocking, and may include the application of
non-separable, non-linear, low-pass directional filters based on estimated edge
directions. Filter unit 216 may also include a loop restoration filter, which is applied
after CDEF, and may include a separable symmetrnic normalized Wiener filter or a dual
sclf~guided filter.

(8186} Video encoder 200 stores reconstructed blocks 1o DPB 218, For instance, in
examples where operations of filter unit 216 are not performed, reconstruction unit 214
may store reconstructed blocks to DPB 218, In examples where operations of filter unit
216 are performed, filter unit 216 may store the filtered reconstructed blocks to DPB
218, Motion estimation unit 222 and motion compensation unit 224 may retrieve a
reference picture from DPB 218, formed from the reconstructed (and potentially
filtered) blocks, to mter-predict blocks of subsequently encoded pictures. In addition,
tntra~prediction unit 226 may use reconstructed blocks in DPB 218 of a current picture
to mira-predict other blocks in the current picture.

[#187] In gencral, entropy encoding unit 220 may entropy encode syntax elements
received from other functional components of video encoder 200, For example, entropy
eucoding unit 220 may cutropy encode guantized transform coefficient blocks from
quantization wunit 208, As another example, entropy encoding unit 220 may entropy
encode prediction syntax elements (e.g., motion information for inter-prediction or
intra-mode information for intra-prediction) from mode selection unit 202, Eotropy
encoding umt 220 may perform one or more entropy encoding operations on the syntax
elements, which are another example of video data, to generate entropy-encoded data.
For example, entropy encoding unit 220 may perfornt a context-adaptive variable length
coding {CAVLC) operation, a CABAC operation, a variable-to-variable (V2V} length
coding operation, a syntax-based context-adaptive binary anthmetic coding (SBAC)
operation, a Probability Interval Partitioning Entropy (PIPE) coding operation, an

Exponential-Golomb encoding operation, or another type of entropy encoding operation

SUBSTITUTE SHEET (RULE 26)



WO 2023/167997 PCT/US2023/014372

on the data. In some exanaples, entropy encoding uott 220 may operate m bypass mode
where syntax elements are not entropy encoded.

{6188} Video encoder 200 may output a bitstream that mchides the entropy encoded
syntax elements used to reconstruct blocks of a slice or picture. In particular, entropy
encoding umit 220 may output the bitstream.

(3189} In accordance with AV 1, entropy encoding wmit 220 may be configured as a
symbol-io~-symbol adaptive multi-symbol arithietic coder. A syntax element in AV1
includes an alphabet of N clements, and a context {¢.g., probability madel) includes a
set of N probabilities. Entropy encoding unit 220 may store the probabilitics as n-bit
{e.g., 15-bity cumudative distribution functions (CDFs). Entropy encoding unit 22 may
perform recursive scaling, with an update factor based on the alphabet size, to update
the contextis.

184190} The operations described above are described with respect to a block. Such
description should be understood as being operations for a tuma coding block and/or
chroma coding blocks. As described above, in some exampies, the luma coding block
and chroma coding blocks are luma and chroma components of a CU. In some
examples, the luma coding block and the chroma coding blocks are huma and chroma
components of a PU.

[8191] 1o some cxamples, operations performed with respect to a luma coding block
may not be repeated for the chroma coding blocks. As one example, operations o
identify a motion vector {MV)} and reference picture for a luma coding block may not be
repeated for identifving a MV and reference picture for the chroma blocks. Rather, the
MYV for the hima coding block may be scaled fo deternune the MV for the chroma
blocks, and the reference picture may be the same. As another example, the mtra-
prediction process may be the same for the luma coding block and the chroma coding
blocks.

[4192] In one or more examples, for entropy encoding, such as context-based arithmetic
encoding, entropy encoding wiit 220 may determine context values for one or more
contexts. During the encoding of a slice or pictare, entropy encoding unit 220 may
update the context values {(e.g., probability values). However, at the beginning of the
slice or picture, it is possible for the context vahies to be undefined. Rather than starting
with undefined context values, entropy encoding unit 220 may use predefined
tnitialization pomnts {¢.g.. iutial values stored in DPB 218, video data memory 230, or

some other memory) to mnitialize the one or more context values.
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10193} In one or more examples, rather than or m addition to using predefined
mitialization points, entropy encoding unit 220 may utilize one or more context valucs,
or mapped, scaled, weighted, etc. versions of one or more context values of a previously
encoded slice or picture as mitialization points. For instance, entropy encoding unit 220
may store ina buffer (e.g., DPB 218, video data memary 230, or some other memory)
one or more context values of a context of an encoded slice or picture {c.g., after
encoding the last CTU of the slice or pictare) as a set of inttialization points. Entropy
encoding unit 220 may utilize the set of imtialization poits {¢.g., context values or
values based on context values of a previously encoded slice or picture) to initialize
context values for a context used for encoding a subsequent shee or picture.

{8194} Entropy cncoding unit 220 may store scts of initialization points for multiple
previously encoded slices or pictures. For instance, the buffer may store a first set of
initialization points associated with a first slice or picture, a second set of nitialization
points associated with a second shice or picture, and so forth. In addition, to determine
{c.g., select) which sct of inttialization points entropy encoding usitt 220 may use for a
subsequent slice or picture, entropy encoding unit 220 may also store iformation of the
temporal identification value and/or QF value of the slice or picture associated with
cach of the respective sets of initialization points.

[8195] Video encoder 200 represents an example of a device counfigured to encode
video data including a memory contigured to siore video data, and one or more
processing units implemented i circuitry and configured to perform the example
technigues described in this disclosure. For mstance. inr one or more examples, when
the buffer s full, entropy encoding unit 220 may determine which set of iutialization
points to remove o make space for just determined set of nitialization points. For
instance, entropy encoding unit 220 may determine one or more context values for at
least one countext used for encoding a current slice or picture. Entropy encoding unit
220 may determine that a buffer for storing sets of temporal inttialization points from
two or more shices or pictures for context-based artthmetic coding 1s full. As deseribed,
cach set of temporal inttialization points is associated with a slice or picture of the two
or mote slices or pictures and includes one or more temporal mitialization points.
{61961 Entropy encoding unit 220 may determine a first set of teroporal mitialization
points associated with a shice or picture, from among the two or more slices or pictures,
based on a temporal identification value or guantization parameter {QP) value of the

shice or picture. Entropy encoding unit 220 may remove the first set of temporal
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mnitialization points, from the buffer, that is associated with the slice or picture, and
store, in the buffer, a second set of temporal imtiahization points associated with the
current slice or picture. The second set of temporal imtialization points are based on the
determined one or mare context values {(e.g.. equal to the determined one or more
context values for the at least one context of the current slice, or picture or derived from
the one or more context valaes for the at least one context of the current slice or
picture}.

(6197} Accordingly, instead of using when a slice or picture was encoded as the only
factor for determining {e.g., selecting) which set of mitialization points should be
removed from the buffer, entropy encoding unit 220 may utilize temporal identification
values and/or (3P values to determine which set of mitialization points to remove,
including possibly slice type. For example, to determine the first sot of teraporal
initialization points, entropy encoding unit 220 may determine the first sot of temporal
initialization points assoctated with the slice or picture, from among the two or more
shices or pictures, having at least one of a smallest teroporal wentification value or
quantization parameter {QP) value. For imnstance, entropy encoding unit 220 may
determine the slice or picture having the smallest temporal identification value from
among temporal identification values of the two or more slices or pictures, or determine
the slice or picture having the smallest QP value from among QP valucs of the two or
more slices or pictures. Entropy encoding unit 220 may then remove from the buffer
the set of initialization points associated with the determined slice or picture {c.g., the
one having the smallest temporal identification value or QP value}.

[8198] In onc or more examples, entropy encoding unit 220 may remove the set of
mitialization points assoctated with the slice or picture having the smallest temporal
identification value or QF value if none of the sets of mitialization points are associated
with a slice or picture having a temporal identification value or QP value that is the
same as the temporal identification value or QP value of the current shice or picture. For
example, entropy encoding onit 220 may deternine that at least one of a temporal
identification value or QP value for the current slice or picture is different than a
temporal identification value or QP value for cach of the two or more slices or pictures.
In this example, entropy encoding unit 220 may remove the fivst set of temporal
initialization points based on the determination that at least one of the temporal
identification value or QF value for the current slice or picture is different than the

temporal identification value or QP value for each of the two or more slices or pictures.
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For example, the terporal identification value or QP value of the slice or picture
agssociated with the first set of temporal imtialization points is different than the
temporal identification value or QP valoe of the carrent slice or picture.

(8199} As an example, assume that the current slice or picture is a first slice or picture.
To this example, entropy encoding umit 220 may deteriaine one ot more context values
for at least ong context used for encoding a second slice or picture, and determine a third
slice or picture, from the two or more slices or pictures, having at feast onc of a

cmporal identification value or QP valuc that 1s same as a temporal identification value
or QP value of the second slice or picture. In this example, entropy encoding unit 220
may remove a third set of temporal initialization points, from the buffer, that is
assoctated with the third slice or picture, and store, in the buffer, a fourth sot of temporal
tnitialization points assoctated with the second slice or picture based on the deternuined
one or more context values for at least one context used for encoding the second slice or
pictare.

[6200] Then for encoding a subsequent picture, entropy encoding unit 220 may
determine (e.g., select) a set of temporal initialization points stored in the buffer, and
imitialize one or more context values for at feast one context used for encoding a
subsequent slice or picture based on the selected set of temporal initialization points.
For example, entropy encodmg unit 220 may assign the intial values for the one or
more context values equal o selected set of temporal iutialization points or denve the
initial values for the one or more context values based on (e.g., with mapping, scaling,
weighting, otc.) the selected set of temporal initialization points. Entropy encoding unit
220 may context-based arithroetic encode the subsequent slice or picture. For instance,
entropy encoding unit 220 may utihize the mtial values for the context values for
encoding syniax elements for the subsequent shice or picture, and updating the context
values during the encoding of the subsequent slice or picture.

(8201} In one or more examples, video encoder 200 may also be configured to store a
plarality of temporal initialization points for one or more contexis used in context-based
arithmetic coding of the video data of a current picture or slice, wherein the plurality of
temporal initialization points are included in video data of one or more previous pictures
that precede the current picture in coding order, store respective temporal identification
{ID} values associated with each of the plurality of temporal mitialization points, select
at Jeast one temporal witialization point of the plurality of temporal initialization poings

based on the respective temporal 1D values associated with the plurality of temporal
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mnttialization points and a temporal 1D value of the current picture or slice, and context-
based arithmetic encode the video data of the current picture or shice based on the
selected at least one temporal initialization point.

8202} Video encoder 200 may be configured to store, in a first buffer, one or more
temporal iratialization pouds for one or more coutexts used m context-based arthmetic
coding of the video data of one or more previous pictures, store, 1 a second buffer, a
temporal iitialization point for one or more contexts used in context-based arithmetic
coding of the video data of a slice of a current picture, wherein storing, in the second
buffer, comprises storing, in the second buffer, during a coding of the video data of the
current picture, and subsequent to processing a fast coding tree anit (CTU) or slice of
the current picture, store the temporal initialization point stored in the second buffer in
the first buffer.

18283} Video encoder 200 may be configured to store a previous temporal initialization
point for one or more contexts used i context-based arithmetic coding of the video data
of a previous slice i a previous picture, for a current slice, deternune that the current
slice in the current picture has a location in the current picture that corresponds to a
location of the previous slice m the previous picture, based on the corrent slice having
the location in the current picture that corresponds to the location of the previous slice in
the previous picture, deternuning a current temporal tmtialization point for the current
slice based on the previous temporal iutialization point.

168204} FIG. 3 is a block diagram ustrating an example video decoder 300 that may
perform the techniques of this disclosure. FIG. 3 is provided for purposes of
explanation and is not luniting on the techniques as broadly exemplified and described
in this disclosure. For purposes of explanation, this disclosure describes video decoder
300 according to the fechnigues of VVC (ITU-T H.266, under development), and
HEVC (ITU-T H.265). However, the techmiques of this disclosure may be performed
by video coding devices that are configured to other video coding standards.

{8205} In the example of FIG. 3, video decoder 300 includes coded picture buffer
(CPB) memory 320, entropy decoding unit 302, prediction processing unit 304, inverse
guantization unit 306, mverse transform processing unit 308, reconstruction unit 310,
filter unit 312, and decoded picture buffer {DPB) 314, Any or all of CPB memory 320,
eniropy decoding unit 302, prediction processing unit 304, inverse quantization unit
306, joverse transform processing unit 308, reconstruction unit 310, filteruntt 312, and

DPB 314 may be implemented in one or more processors or in processing circuiiry. For
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mnstance, the units of video decoder 300 may be mmplemented as one or more circuits or
logic elements as part of hardware circuntry, or as part of a processor, ASIC, or FPGA.
Morteover, video decoder 300 may include additional or alternative processors or
processing circuitry to perform these and other functions.

03206} Prediction processing unit 304 jscludes motion compensation unit 316 and intra-
prediction anit 318, Prediction processing unit 304 may include additional units to
perform prediction in accordance with other prediction modes. As exampies, prediction
processing unit 304 may include a palette unit, an intra-block copy umit (which may
form part of motion compensation wut 316), an affine unit, a lincar model (LM} unyt, or
the like. In other examples, video decoder 300 may mchide more, fewer, or different
functional components.

(8207} When operating according to AV, motion compensation unit 316 may be
configured to decode coding blocks of video data {¢.g., both lama and chroma coding
blocks) using translational motion compensation, affine motion compensation, OBMC,
and/or compound mter-intra prediction, as described above. Intra~prediction unit 318
may be configured o decode coding blocks of video data (e.g., both luma and chroma
coding blocks} using divectional intra prediction, non-directional intra prediction,
recarsive filter intra prediction, CFL, mtra block copy (IBC), and/or color palette mode,
as described above.

(3208} CPB memory 320 may store video data, such as an encoded video bitstream, {o
be decoded by the components of video decoder 300, The video data stored in CPB
memory 320 may be obtained. for example, from computer-readable medium 110 (FIG.
13, CPB memory 320 may include a CPB that stores encoded video data (¢ g., syntax
clements) from an encoded video bitstream. Also, CFB memory 320 may store video
data other than syntax elements of a coded picture, such as temporary data representing
outputs from the various units of video decoder 300, DPB 314 generally stores decoded
pictures, which video decoder 300 may output and/or use as reference video data when
decoding sabsequent data or pictures of the encoded video bitstream. {PB memory 320
and DPB 314 may be formed by any of a variety of memory devices, such as DRAM,
mncluding SDRAM, MRAM. RRAM, or other types of memory devices. CPB memory
320 and DPB 314 may be provided by the same memory device or separate memory
devices. In varicus examples, CPB memory 320 may be on-chip with other components

of video decoder 300, or off-chip relative to those components.
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102051 Additionally or alternatively, in some examples, video decoder 300 may retrieve
coded video data from memory 120 (FIG. 1} That is, memory 120 may store data as
discussed above with CPB memory 320. Likewise, memory 120 may store instructions
to be executed by video decoder 300, when some or all of the functionality of video
decoder 300 1s taplemented in software to be exccuted by processing circutiry of video
decoder 300

i8218} The various units shown m FIG. 3 are dlustrated to assist with understanding the
operations performed by video decoder 300, The units may be implemented as fixed-
function circuits, programmable circuits, or a combination thereof. Sumilar to FIG. 2,
fixed-function circuts refer to circuits that provide particudar functionality, and are
preset on the operations that can be performed. Programmable circuits refer to circuits
that can be programmed to perform various tasks, and provide flexible functionality in
the operations that can be performed. For instance, programmable circuits may execuote
software or firmware that cause the programmable circuits to operate in the manner
defined by instructions of the software or fimuware. Fixcd-function circuits may
execuie software instructions {¢.g., to receive parameters or ouiput parameters), but the
types of operations that the fixed-function circaits perform are generally immutable. In
some examples, one or more of the units may be distinct circuit blocks {(fixed-function
or programunable}, and in some examples, one or more of the units may be mtegrated
circuits.

8211} Video decoder 300 may include ALUs, EFUs, digital circuits, analog circuts,
and/or programmable cores formed from programmable circuits. In examples where the
operations of video decoder 300 are performed by software executing on the
programmable circuits, on-chup or off-chip memory may store instractions {(g.g., object
code) of the sofiware that video decoder 300 receives and excoutes.

[8212] Entropy decoding unit 302 may receive encoded video data from the CPB and
entropy decode the video data to reproduce syntax clements. Prediction processing unit
304, inverse quantization unit 306, mverse transform processing wmt 308,
reconstruction unit 310, and filter unit 312 may generate decoded video data based on
the syntax clements extracted from the bitstream.

(6213} In general, video decoder 300 reconstructs a picture on a block-by-block basis.
Video decoder 300 may perform a reconstruction operation on cach block individually
{where the block currently being reconstructed, 1.¢., decoded, may be referred to as a

“current block™).
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10214} Entropy decoding unit 302 may entropy decode syntax clements defining
guantized transform coefficients of a quantized transform coefficient block, as well as
transform mnformation, such as a quantization parameter (QP} and/or transform mode
indication{s}. Inverse guantization unit 306 may use the QP associated with the
quantized transform coefficient block to determine a degree of quantization and,
likewise, a degree of inverse quantization for mverse quantization unit 306 to apply.
Inverse quantization unit 306 may, for example, perform a bitwise lett-shift operation to
mverse quantize the quantized transform coefficients. Inverse quantization unit 306
roay thereby form a transform coefficient block including transform cocfficients.
(8215} After inverse quantization unit 306 forms the transform coefficient block,
inverse transform processing unit 308 may apply one or more inverse transforms to the
transform cocfficient block to generate a residual block associated with the current
bock. For example, inverse transform processing unit 308 may apply an mverse DCT,
an inverse integer transform, an inverse Karhunen-Loeve transform (KLT), an inverse
rotational transform, an inverse directional transtorm, or another inverse transform to
the transform coefficient block.

[8216] Furthermore, prediction processing unit 304 generates a prediction block
according to prediction information syntax clements that were eatropy decoded by
eniropy decoding unit 302, For example, if the prediction information syntax elerents
ndicate that the current block is inter-predicted, motion compensation unit 316 may
generate the prediction block. In this case, the prediction information syntax elements
may indicate a reference picture in DPB 314 from which to retrieve a reference black,
as well as a motion vector identifying a location of the reference block in the reference
picture relative to the location of the corrent block in the current pictare. Motion
compensation unit 316 may generally perform the inter-prediction process in a manner
that is substantially strodar to that described with respect to motion compensation unit
224 (F1G. 2).

(8217} As another example, if the prediction mformation syntax elements indicate that
the current block is intra-predicted. intra-prediction unit 318 may generate the
prediction block according to an intra~-prediction mode mdicated by the prediction
mformation syntax elements. Again, intra-prediction unit 318 may generally perform
the intra-prediction process in a manner that is substantially similar to that described
with respect to mtra~prediction voit 226 (FIG. 2). Intra-prediction unit 318 may retrieve

data of neighboring samples to the current block from DPB 314,
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10218} Reconstruction unit 3 10 may reconstruct the current block using the prediction
block and the residual block. For example, reconstruction unit 310 may add samples of
the residual block to corresponding samples of the prediction block to reconstruct the
current block.

(8219} Filter unit 312 may perform one or more filicr operations on reconstructed
blocks. For example, filter unit 312 may perform deblocking operations o reduce
blockiness antitacts along cdges of the reconstructed blocks. Operations of filter unit
312 are not necessartly performed i all examples.

82281 Video decoder 300 may store the reconstructed blocks in DPB 314, For
imstance, in examples where operations of filter unit 312 are not performed,
reconstruction unit 310 may store reconstructed blocks to DPFB 314, In examples where
operations of filter unit 312 are performed, filter unit 312 may store the filtered
reconstracted blocks to DPB 314, As discussed above, DPB 314 may provide reference
information, such as samples of a current picture for ntra-prediction and previously
decoded pictures for subsequent motion compensation, to prediction processing unit
304. Moreover, video decoder 300 may output decoded pictures {e.g., decoded video)
from DPB 314 for subsequent presentation on a display device, such as display device
118 of FIG. 1.

[8221] fo this maoner, video decoder 300 represents an example of a video decoding
device including a memory configured to store video data, and one or more processing
units implemented in cirawntry and configured to perform example techniques described
in this disclosure. For example, for entropy decoding, such as context-based arithmetic
decoding, entropy decoding unit 302 mayv determine context values for one or more
contexts. During the decoding of a slice or picture, entropy decoding unit 302 may
update the context values {¢.g., probability values}. However, at the beginning of the
slice or picture, it 1s possible for the context values 1o be undefined. Rather than startiong
with undefined context values, entropy decoding unit 302 may use predefine
mitialization points {¢.g., initial values stored in DPB 314, CPB memory 320, or some
other memory) to imitialize the one or more context values,

{0222} In one or more examples, rather than or m addition to using predefined
mitialization points, entropy decoding unit 302 may utilize one or more context valucs,
or mapped, scaled, weighted, etc. versions of one or more context values of a previously
decoded slice or picture as mitialization pomnts. For nstance, entropy decoding unit 302

may store in a buffer (e.g., DPB 314, CPB memory 320, or some other memory) one or
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more context values of a context of an decoded shice or picture {¢.g., after decoding the
last CTU of the slice or picture} as a set of inttialization points. Entropy decoding unit
302 may utilize the set of nitialization points {e.g., context values or values based on
context values of a previously decoded slice or picture) to tnitialize context values for a
context used for decoding a subsequent shice or picture.

{8223} Entropy decoding unit 302 may store sets of imitialization points for multiple
previously decoded slices or pictures. For instance, the buffer may store a first set of
mitialization points associated with a first shice or picture, a second set of initialization
points associated with a second slice or picture, and so forth. In addition, to determine
{c.g., select) which set of initialization points entropy decoding unit 302 may use fora
subsequent slice or picture, entropy decoding unit 302 may also store information of the
temporal identification value and/or QP value of the slice or picture associated with
each of the respective sets of initialization points.

08224} In one or more examples, when the buffer is full, endropy decoding unit 302 may
deteroune which set of initialization points to remove to make space for just determained
set of imtialization points. For instance, entropy decoding unit 302 may determine one
or more context vahues for at least one context used for decoding a current slice or
picture. Entropy decoding unit 302 may determine that a buffer for storing sets of
temporal iratialization pounts from two or more shices or picturcs for contexi-based
arithmetic coding 1s full. As descnibed, each set of temporal mitialization points is
assoctated with a slice or picture of the two or more slices or pictures and includes one
or more temporal inttialization points.

8225} Entropy decoding unit 302 may determine a first set of temporal nitialization
points associated with a shice or picture, from among the two or more slices or pictares,
based on a temporal identification value or quantization parameter {QP) vabue of the
shice or picture. Entropy decoding umit 302 may remove the first set of temporal
mitialization ponts, from the buffer, that is associated with the shce or picture, and
store, in the buffer, a second set of temporal initiakization points associated with the
current slice or picture. The sccond set of temporal initialization poinds are based on the
determined one or more context values {¢.g., equal o the determined one or more
context values for the at least one context of the current shice, or picture or derived from
the one or more context values for the at least one context of the current shice or

picture).
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10226} Accordingly, instead of using when a slice or picture was decoded as the only
factor for determuning {e.g., selecting) which set of mitialization points should be
removed from the buffer, entropy decoding unit 302 may utilize temporal identification
values and/or (P values to determine which set of mitialization points to remove. For
example, to determine the first set of temporal mitialization pomts, entropy decoding
unit 302 may determine the first set of temporal initialization points associated with the
stice or picture, from among the two or more slices or pictures, having at fcast one of a
smallest temporal identification value or quantization parameter {QP) value. For
nstance, entropy decoding unit 302 may determine the slice or picture having the
smallest temporal identification value from among the temporal identification values of
the two or more slices or pictures, or determine the stice or picture having the smallest
3P value from among QF values of the two or more slices or pictures, Entropy
decoding unit 302 may then remove from the buffer the set of imtialization points
associated with the determined slice or picture {e.g., the one having the smallest
terporal identification value or QP value).

{6227} In one or more examples, entropy decoding anit 302 may remove the set of
initialization points associated with the shice or picture having the smallest temporal
identification value or QF value if none of the sets of mitialization points are associated
with a slice or picture having a temporal identification value or QF value that s the
same as the temporal identification value or QP value of the current slice or picture. For
example, entropy decoding onit 302 may deternune that at least one of a temporal
identification value or QF value for the current slice or picture is different than a
temporal identification value or QP value for cach of the two or more slices or pictures.
In this example, entropy decoding unit 302 may remove the first set of temporal
initialization points based on the determination that at feast one of the temporal
wdentification value or QF value for the current slice or picture is different than the
temporal identification value or QP value for each of the two or more slices or pictures.
For example, the temporal identification valoe or QP value of the slice or picture
assoctated with the first set of temporal initialization points is different than the
temporal identification value or QP value of the current slice or picture.

[6228] As an example, assume that the current slice or picture 1s a first slice or picture.
In this example, entropy decoding unit 302 may determine one or more context values
for at least one context used for decoding a second slice or picture, and deternune a third

slice or picture, from the two or more shices or pictures, having at least one of a
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temporal identification value or QP valug that is same as a temporal identification value
or QP value of the second slice or picture. In this example, entropy decoding unit 302
may remove a third set of temporal initialization points, from the buffer, that is
associated with the third slice or picture, and store, in the buffer, a fourth set of temporal
tnitialization pownts associated with the second slice or pisture based on the determined
one or more context values for at least one context used for decoding the second slice or
picture.

{6225} Then for decoding a subsequent picture, entropy decoding unit 302 may
determine (e.g., select} a set of temporal initialization pownts stored in the buffer, and
mitialize one or more context values for at least one context used for decoding a
subsequent slice or picture based on the selected sct of temporal initialization points.
For example, entropy decodmg unit 302 may assign the mtial values for the one or
more context values equal to selected set of temporal initialization points or derive the
initial values for the one or more context values based on {e.g., with mapping, scaling,
weighting, otc.) the sclected sot of temporal initialization points. Entropy decoding unit
302 may context-based artthmetic decode the subsequent shice or picture. For mnstance,
entropy decoding unit 302 may utilize the instial values for the context values for
decoding syriax elements for the subsequent shice or picture, and updating the context
values during the decoding of the subsequent slice or picture.

{88238} In one or more examples, video decoder 300 may also be configured 1o siore a
plurality of temporal inttialization points for one or more contexts used m context-based
arithimetic coding of the video data of a current picture or slice, wherein the plurality of
temporal initialization points are fncluded in video data of one or more previous pictures
that precede the carrent picture in coding order, store respective temporal identification
{ID} values associated with cach of the plurality of temporal mitialization points, select
at least one teraporal initialization point of the plurality of temporal wutialization points
based on the respective temporal ID values associated with the plurality of temporal
mitialization points and a temporal 1D valoe of the corrent picture or slice, and context-
based arithmetic decode the video data of the current picture or slice based on the
selected at least one tomporal mitialization point.

8231} Video decoder 300 may be configured to store, in a first buffer, one or more
temporal initialization points for one or more contexts used in context-based anthmetic
coding of the video data of one or more previous pictures, store, in a second buffer, a

temporal inrtialization point for one or more contexts used in context-based arthmetic
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coding of the video data of a slice of a current picture, wherein storing, in the second
buffer, comprises storing, in the second buffer, during a coding of the video data of the
current pictare, and subsequent to processing a fast coding tree anit (CTU) or slice of
the carrent picture, store the temporal nitialization point stored in the second buffer in
the first buffer.

18232} Video decoder 300 may be configured to store a previous temporal initialization
point for one or more contexts used in context-based arithmetic coding of the video data
of a previous slice 1n a previous picture, for a current slice, deternune that the current
slice in the current picture has a location in the current picture that corresponds to a
location of the previous slice in the previcus picture, based on the carrent slice having
the location in the current picture that corresponds to the location of the previous slice in
the previous picture, deternuning a current temporal tnutialization potnt for the current
shice based on the previous temporal imitialization point.

8233} FIG. 4 1s a flowchart illustrating an example method for encoding a current
block in accordance with the techniques of this disclosure. The current block may
comprise a current CU. Although described with respect to video encoder 200 (FIGS. |
and 2}, it should be understood that other devices may be configured to perform a
method similar to that of FIG. 4.

(08234} I this cxample, video encoder 200 wutially predicts the current block (400). For
example, video encoder 200 may form a prediction block for the current block. Video
encoder 200 may then calculate a residual block for the carrent block {462). To
calculate the residual block, video encoder 200 may calenlate a difference between the
original, unencoded block and the prediction block for the current block. Video encoder
200 may then transform the residual block and quantize transform coefficients of the
residual block (404). Next, video encader 200 mav scan the quantized transform
cocfticicnts of the residual block (406}, During the scan, or following the scan, video
encoder 200 may entropy encode the transform coefficients (408). For example, video
encoder 200 may encode the transform coefficients using CAVLC or CABAC. In
accordance with one or more examples, video encoder 200 may encode the transform
cocfficients using context values that are determined using the technigues described n
this disclosure. Video encoder 200 may then output the entropy encoded data of the
block (410).

(06235} FIG. S 1s a flowchart illustrating an example method for decoding a current

block of video data in accordance with the techniques of this disclosure, The current
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block may comprise a current CU. Although described with respect to video decoder
300 (FIGS. 1 and 3}, it should be understood that other devices may be configured to
perform a method similar to that of FIG. §.

18236} Video decoder 300 may receive entropy encoded data for the current block, such
as entropy encoded prediction mformation and entropy cncoded data for transform
coeflicients of a residual block corresponding to the current bock (500}, Video decoder
300 may entropy decode the entropy encoded data to determine prediction information
for the current block and to reproduce transforma coefficients of the residual block (502).
In accordance with one or more exaraples, video decoder 300 may decode the encodec
data using context valaes that are determined using the technigues described in this
disclosure. Video decoder 300 may predict the current block (504), ¢.g., using an intra-
or mter-prediction mode as indicated by the prediction nformation for the current block,
to calculate a prediction block for the current block. Video decoder 300 may then
inverse scan the reproduced transform coeflicients (506), to create a block of quantized
transform cocfficicnts. Video decoder 300 roay then nverse quantize the transform
coefficients and apply an inverse transform to the transform coefficients to produce a
residual block (308). Video decoder 300 may eltimately decode the current block by
combining the prediction block and the residual block (510},

[8237] FIG. 6 1s a flowchart dlustrating an example method of processing video data.
For ease of description, the example of FIG. 6 15 descernibed with respect to processing
circaitry, exampies of which inchude processing cirauitry of video encoder 200 and
video decoder 300, and a buffer, examples of which include memory 106, memory 120,
video data memory 230, DPB 218, CPB memory 320, DPR 314, or any other memory
for video encoder 200 or video decoder 300.

{6238} The processing circuitry may be configured to determine one or more context
values for at least one context used for encoding or decoding a current slice or picture
{600}, For example, as video encoder 200 and video decoder 300 are encoding or
decoding the current shice or picture, vides encoder 200 and video decoder 300 may be
updating context values for a context-based on recently encoded or decoded video data
of the slice or picture.

6233} The processing cireuitry may determine that a buffer for storing sets of temporal
initialization points from two or more slices or pictures for context-based arithmetic
coding is full (602}, As described, cach set of temporal initialization points is associated

with a slice or picture of the two or more slices or pictures and includes one or more
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temporal mitialization points. For mstance, there may be a hinutation of the number of
sets of temporal inthialization points that the buffer can store to keep the size of the
buffer practical. As an example, the baffer may store up to five sets of temporal
initialization pomis.

03248} The processing curcuttry may deternune {e.g., identify) a first set of teruporal
mitialization pomnts assoctated with a shice or picture, from among the two or more
slices or pictures, based on at least one of slice type, temporal wdentification value, or
quantization parameter (QP) value of the slice or picture (604). For nstance, the buffer
moay also store the temporal identification values, QP values, and/or slice type
mformation of the shices and pictures associated with the respective sets of mmtialization
points stored in the buffer.

{08241} As one example, to determine the first set of temporal tnitialization poinds, the
processing circuitry may be configured to determing the first set of temporal
initialization points assoctated with the slice or picture, from among the two or more
shices or pictures, having at least one of a smallest teroporal wentification value or
quantization parameter {QP) value. Fornsiance, the processing circuilry may
determine the slice or picture having the smallest temporal identification value from
among the temporal identification values of the two or more slices or pictares, and/or
determaine the slice or picture haviog the smallest QF value from among QF values of
the two or more slices or pictares.

68242} In some examples, the first set of initialization points having a smallest temporal
identification value or QF value may have a different slice type than the current slice.
In some examples, such as where multiple sets of temporal imtialization points can be
stored for a slice type, video encoder 200 and video decoder 300 may determine a
grouping of sets of temporal initialization points associated with a slices having the
same shice type as the current slice. Video encoder 200 and video decoder 300 may then
determine a set of ternporal mitialization pomnts within this grouping having a smallest
temporal identification value or QP value, as the first set of temporal mitishization
points.

16243} The processing circuitry may remove the first set of temporal inmialization
points, from the buffer, that is associated with the slice or picture (606). The processing
circuitry may store, in the buffer, a second set of temporal initialization points
associated with the current slice or picture (608}, The second set of temaporal

initialization ponts are based on the determined one or more context values (¢.g., equal
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1o or derived from the determined one or more context values for the context of the
current shice or picture). In some examples, subsequent 1o processing a last coding tree
anit (CTU) of the corrent slice or picture, the processing circuitry may store the second
sct of temporal initialization points.

8244} in one or more exaraples, for a subscquent skice or picture m coding order, the
processing circuitry may determine {(e.g., select} a set of temporal initialization points
stored in the buffer. The processing circuitry may intialize one or more context values
for at least one context used for encoding or decoding a subsequent slice or picture
based on the selected set of terporal inttialization points (e.g., set imtial values for the
context values equal to selected set of temporal initiadization points or derive the mnitial
values for the context values based on the sclected set of tomporal initialization points).
The processing circuitry may context-based artthmetic encode or decode the subsequent
stice or picture.

08245} FIG. 7 15 a flowchart illustrating another example method of processing video
data. For casc of description, the example of FIG. 7 1s described with respect to
processing circuitry, examples of which include processing circuitry of video encoder
200 and video decoder 300, and a buffer, examples of which mnclade memory 106,
memory 120, video data memory 230, DPB 218, CPB memory 320, DPB 314, or any
other memory for video encoder 200 or video decoder 300,

{88246} As described above, the processing circuitry may remove a set of temporal
initialization pomnts assoctated with a stice or picture having smallest temporal
identification value or QF value. However, in some examples, the processing circuitry
may perform such removal process if there 1s no set of temporal initialization points
associated with a slice or picture having same temporal identification value, QP value,
or slice type as current slice or picture.

18247} For instance, assume that the current slice or picture of FIG. 6 s a first slice or
picture. n this example, the processing circutry may determine one or more context
values for at least one context used for encoding or decoding a second shice or picture
{700}, That is, the processing circuitry may perform similar encoding or decoding
operations on the second slice or picture, and update context values as described above.
[6248] The processing cireuitry may determine a third shice or picture, from the two or
mare slices or pictures, having at least one of a temporal identification value, QF value.
ot shice type that is same as a temporal wentification value, QP value, or slice type of

the second slice or picture (702). In this example, rather than removing the set of

SUBSTITUTE SHEET (RULE 26)



WO 2023/167997 PCT/US2023/014372

64

initialization points assoctated with slice or picture having smallest teraporal
identification value or QP value, the processing circuttry may remove a third set of
temporal initialization points, from the buffer, that 1s associated with the third slice or
picture (704}, The processing circuiiry may store, in the buffer, a fourth set of temporal
tnitialization pownts associated with the second slice or pisture based on the deterouned
one or more context values for at least one context used for encoding or decoding the
second shice or picture (706).

16245} The example of FIG. 7 is provided for illustration purposes only, and should not
be considered hinuting. In some examples, the processing circuitry may not perform the
method of FEG. 7. Rather, the processing eircaitry may remove the set of initialization
points based on the temporal identification value or QP value (e.g., the sct of temporal
tnitialization points associated with the slice or picture having the smallest temporal
identification value or QF value). Also, the shice tvpe may not be considered as one of
the factors. That is, the processing circuitry may remove an entry of a set of teraporal
jottialization points which has the same shice type and/or same temporal identification
value and/or same QP value as the current shice or picture.

(8258 FIG. 8 15 a flowchart illustrating ancther example method of processing video
data. For case of description, the exaraple of FIG. 8 is described with respect to
processing circuitry, examples of which include processing circuitry of video encoder
200 and video decoder 300, and a buffer, examples of which imclude memory 106,
memory 120, video data memory 230, DPB 218, CPB memory 320, DPB 314, or any
other memory for video encoder 200 or video decoder 3040,

(82311 Simular to FIGS. 6 and 7, the processing circuitry may determing one or more
context values for at least one context used for encoding decoding a carrent slice or
picture (800}, In one or more examples, the processing circuitry may determine whether
the buffer already stores a set of temporal mitialization ponts for a shice or picture
having the same temporal identification value or QP value as the current slice or picture
{802}

08282} i the buffer already stores a set of temporal initialization points for a slice or
picture having the same teraporal identification value or QP value as the current shice or
picture (YES at 802), the processing circuitry may overwrite {804) the stored set of
temporal initialization points with the temporal mitialization points of the current slice
or picture {e.g., the determined one or more context values or derived from the one or

more context values). The processing circuitry may then set the next slice or picture as
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the current slice or picture and retum to deternining one or more context values for at
least one context used for encoding decoding a current slice or picture (800},

(62331 If the buffer does not already store a set of temporal initialization points for a
stice or picture having the same temporal identification value or QP value as the current
shice or picture (NGO at 802}, the processing circuitry may detcomine whether the buffer
is full (806). If the buffer is not full (NG at 806}, the processing circuitry may store the
temporal mitialization points {e.g., context vaiucs of the current slice or picture, or
values derived from the context values of the current slice or picturc} in the buffer
{808). The processing circuitry may then set the next shice or picture as the current shice
or picture and retarn to determining one or more context values for at least one context
used for encoding decoding a current shice or picture (800).

(0254} If the buffer is full (YES at 806), the processing circuitry may determine {€.g.,
identify) a first set of temporal initialization points associated with a slice or picture,
from among the two or more slices or pictures, having at least one of a smallest
terporal identification value or guantization parameter (3P) valuc (810}, Sinularto
FI(. 6, the processing circutiry may remove the first set of temporal mitialization
points, from the buffer, that is associated with the shice or picture {812}, and store, in the
butfer, a second set of temporal indtialization points associated with the current slice or
picture, wherein the second set of teraporal mitialization pownts are based on the
determined one or more context values (814).

88255} The example order of operations Hlustrated in FIG. 8 and performed by the
processing circuitry should not be considered as limiting. For instance, the processing
circuttry may first determune if the buffer 1s full (806}, and if the buffer is not full, the
processing circuitry may store the initialization points (808) even if the buffer already
stores temporal initialization points for shice or picture having same temporal
wdentification value or QF value as current shice or picture. As another example, it the
buffer is full, the processing circwitry may remove the set of temporal inttialization
points associated with the slice or picture having the smallest temporal identification
value or QF value even if the buffer already stores temporal initialization points for slice
or picture having same termporal identification value or QF value as current shice or
picture. Other modifications to the order of operations are possible.

8286} Techniques illustrated by reference numerals 804 and 812 mclude examples of
removal of a set of inthialization points. Tn general, the processing circuitry may first

deterraine it the buffer stores temporal inttialization ponts for the same temporal ID or
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QP value as current shice or picture, and if yes, removes that set of temporal
mitialization points and writes the temporal imtialization points for the current shice or
picture. Otherwise, the processing circuitry may remove determined {e.g., identified)
sct of initialization points where the deternuned set of initialization points is associated
with 3 slice o7 picture baving smallest temporal Wdentification value or QF value.

{8257} This following describes example techniques that may be performed together or
separately.

{6288} Clause 1. A method of coding video data, the method comprising storing a
plumality of temporal initialization points for one or more contexts used i context-based
arithmetic coding of the video data of a current picture or slice, wherein the phurality of
temporal iratialization poinds are included i video data of one or more provious pictures
that precede the current picture in coding order; storing respective terporal
identification (ID) values associated with cach of the plurality of temporal initialization
points; selecting at least one {(e.g., if available) temporal mitialization point of the
plurality of temporal mitialization points based on the respective temporal 1D values
associated with the plurality of temporal mitialization points and a temporal ID value of
the current picture or slice; and context-based arithmetic coding the video data of the
current picture or slice based on the selected at least one temporal initialization point.
{08259} Clause 2. The method of clause 1, wherein sclecting the at least ane
temporal imtialization point comprises: determining a set of temporal initialization
points of the plarality of temporal imitialization points, wheremn the respective temporal
1D values for temporal initialization points in the set of temporal inttialization points is
less than or equal to the temporal 1D value of the current picture or slice; and selecting
the at least one temporal initialization point from the set of temporal initialization
points.

{8260} Clause 3. The method of clause 1, wherein selecting the at least one
temporal imtialization point comprises: determining a set of temporal initiabization
points of the plurality of temporal mitialization points, wherein the respective temporal
1D values for temporal initialization points in the set of temporal initialization points is
equal to the temporal H3 value of the current picture or shice; and selecting the at least
one temporal nitialization point from the set of ternporal nitialization pomnts.

18261} Clavse 4. The method of clause 1, wherein selecting the at feast one
temporal inatialization pount comprises: deternuning that no temporal initialization point

i the plurality of temporal mitialization pomnis has a temporal ID value that is equal to
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the temporal 1) value of the current picture or slice; based on a determination that no
temporal initialization point in the plurality of temporal imitialization points has a
temporal 1D value that is equal to the temporal 1D value of the current picture or slice,
determining whether any temporal initialization point in the phurality of temporal
tnitialization points has a teoporal 1D value that is one less than the teroporal 11 vatue
of the current picture or slice; and based on the determination that there are one or more
temporal mitialization points having a temporal 1D value that is one less than the
temporal 113 value of the current picture or shice, selecting the at least one temporal
mtialization point from the one or more temporal initialization points having the
temporal 1D valuoe that is one less than the temporal 1D value of the current picture or
slice.

(8262} Clause 5. A method of coding video data, the method comprising: storing,
in a first buffer, one or more temporal nitialization points for one or more contexts used
in context-based arithmetic coding of the video data of one or more previous pictures;
storing, 11 a sccond buffer, a teraporal mitialization pouwt for one or more contexts used
m context-based arithmetic coding of the video data of a slice of a current picture,
wherein storing, 1 the second buffer, comprises storing, in the second buffer, during a
coding of the video data of the current picture; and subsequent to processing a last
coding tree unit {CTU) or shice of the current picture, storing the temporal intialization
point stored in the second buffer in the first buffer,

8263} Clause 6. The method of any of clauses 14, wherein storing the plurality
of temporal initialization points comprises storing the plurality of temporal initialization
points n accordance with the method of clause 5.

(82641 (lavse 7. A method of coding video data, the method comprising: storing 8
previous temporal initialization point for one or more contexts used in context-based
arithmctic coding of the video data of a previous slice in a previous picture; for a current
slice, determining that the current slice in the current picture has a location in the
current picture that corresponds to a location of the previous shice in the previous
picture; based on the current slice having the location in the current picture that
corresponds to the location of the previous slice in the previous picture, determining a
current temporal initialization point for the current slice based on the previous temporal
initialization point.

{0265} Clause 8. A method of coding video data comprising a combination of any

of clanses 1-7.

SUBSTITUTE SHEET (RULE 26)



WO 2023/167997 PCT/US2023/014372

10266} Clause 9. The method of any of clauses 1-8, wherem context-based
artthmetic coding comprises context-adaptive binary arithmetic coding (CABAC).
(6267} (Claose 10. The method of any of claases 1-¢, wherein context-based
arithmetic coding comprises context-based arithmetic decoding.

[0268] Clause 11, The method of any of clauses 1-9, whercin context-based
arithmetic coding comprises context-based arithmetic encoding.

18269} Clause 12, A device for coding video data, the device comprising: memory
contigured to store video data; and processing circuitry configured to perform the

rocthod of any one or combination of clauses 1-11.

(62781 (laose 13, The device of claase 12, wherein the device comprises a video
decoder.
{6271} Clause 14, The device of any of clauses 12 and 13, wherein the device

comprises a video encoder.

0272} Clause 15, The device of any of clauses 1214, further comprising a display
configured to display decoded video data.

(62731 Clause 16, The device of any of clauses 12-15, wherein the device
comprises one or more of a camera, a computer, a mobile device, a broadeast receiver
device, or a set-top box.

18274} Clause 17. A computer-readable storage mediwm having stored thereon
nstructions that, when executed, cause one or more processors 1o perform the method of
any of clapses 111

6275} Clause 18, A device for coding video data, the device comprising means for
performing the method of any one or combination of clauses 1-11

(8276} Clanse 1A, A method of processing video data, the method comprising:
determining one or more context values for at least one context used for encoding or
decoding a current slice or picture; determining that a bufter for storing sets of temporal
wmitialization pomts from two or more shices or pictures for context-based arithmetic
coding 1 fudl, wherein each set of temporal imtialization points is associated with a slice
or picture of the two or more slices or pictures and includes ong or more temporal
mitialization points; determining a first set of temporal initialization points associated
with a shice or prcture, from among the two or more slices or pictures, based on at least
on¢ of a slice type, a temporal identification value, or a quantization parameter {(JP)
value of the slice or picture; removing the first sot of temporal inttialization points, from

the buffer, that 1s associated with the slice or picture; and storing, in the buffer, a second
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set of toraporal mnttialization points associated with the current slice or picture, wherein
the second set of temporal mitialization points are based on the determined one or more
context values.

16277} Clause 2A. The method of clause 1A, wherein determining the first set of
temporal inatialization pouds comprises determuning the first set of temporal
mitialization pomnts associated with the slice or picture, from among the two or more
stices or pictures, having at least one of a smallest temporal dentification value or
quantization parameter {QP) value from among teraporal identification values or QP
values of the two or more slices or pictures.

(6278} Clanse 3A.  The method of claase 2ZA, wherein determining the slice or
picture having at least one of the smallest temporal dentification value or QP value
from among the two or more shices or pictures comprises determining the shice or
picture having the smallest temporal identification valee from among temporal
identification values of the two or more slices or pictures.

[6275] Clause 4A.  The method of clause 2A, wherein deternuning the slice or
picture having at least one of the smallest temporal identification value or QP value
from among the two or more slices or pictures comprises determning the slice or
picture having the smallest QP value from among QP values of the two or more slices or
pictures.

{8286} Clause SA.  The method of any of clauses 1A-44, further comprising:
determining that at least one of a temporal identification value or QF value for the
current slice or picture is different than a temporal identification value or QF value for
cach of the two or more shices or pictures, wherein the temporal identification valae or
QP value of the slice or picture assoctated with the first set of temporal initialization
points is different than the temporal identification value or QP value of the current shice
or picture, and wherein removing the first set of temporal initialization points conmprises
removing the first set of temporal initialization ponts based on the determination that at
least one of the temporal identification value or QF valoe for the carrent slice or pichure
is different than the temporal identification value or QF value for cach of the two or
more slices or pictures.

(62811 Clause 6A.  The method of any of clauses [A-3A, wherein the current slice or
picture is a first slice or picture, the method further comprising: determining one or
more context values for at least one context used for encoding or decoding a second

shice or picture; determining a third shice or picture, from the two or more shices or
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pictures, having at least one of a temporal identification value, QF value, or slice type
that is same as a temporal identification value, QP value, or shice type of the second
stice or picture; removing a third set of temporal imtialization points, from the buoffer,
that is associated with the third slice or picture; and storing, in the buffer, a fourth set of
temporal inatialization pounts associated with the second shice or picture based on the
determined one or more context values for at least one context used for encoding or
decoding the second slice or picture.

(6282} Clause 7A.  The method of any of clauses [ A-6A, further comprising:
determining a set of temporal initialization points stored in the buffer; imtializing one or
more context values for at least one context used for encoding or decoding a subsequent
stice or picture based on the determuned set of temporal initialization points; and
context-based arithmetic encoding or decoding the subsequent slice or picture.

(9283} Clause 8A.  The method of clause 7A, further comprising: determining a
temporal identification value for the subsequent slice or picture; determuning that none
of two or more slices or pictures baving associated sets of temporal vutialization poinds
stored in the buffer have a temporal identification value equal to the temporal
identification value for the subsequent slice or picture; determining a second slice or
picture from among the two or more slices or pictures having a temporal identification
value that is closest to and less than the teraporal wdentification value of the subsequent
slice or picture, wherein determining the set of temporal initialization points comprises
selecting the set of temporal initialization points associated with the second slice or
picture.

(8284} Clause 9A.  The method of clause 7A, further comprising: determining a QP
value for the subsequent slice or picture; determining that none of two or more shices or
pictures having associated sets of temporal initialization points stored in the buffer have
a QP value equal to the QP value for the subsequent slice or picture; deterouning a
second shice or picture from among the two or more slices or pictures having a QP value
that 1s closest to the QP value of the subsequent slice or picture, wherein deternining
the set of temporal intialization points comprises sclecting the set of mitialization
points associated with the second slice or picture.

(62851 Clause 10A.  The method of any of clauses [A-9A, wherein storing the second
set of inttialization points comprises, subsequent to processing a last coding tree unit
{CTU) of the current shice or picture, storing the second set of temporal inttialization

poits.

SUBSTITUTE SHEET (RULE 26)



WO 2023/167997 PCT/US2023/014372

~3
[l

10286} Clause 11A. A device for processing video data, the device comprising: a
buffer configured to store sets of temporal inifialization points from two or more shices
or pictures for context-based arithmetic coding; and processing circuitry coupled to the
butfer, the processing circuitry configured to: determine one or more context values for
at least one context used for cncoding or decoding a current slice or picture; defermine
that the buffer for storing sets of temporal initialization points from two or more slices
or pictures for contexi-based arithmetic coding is full, wherein cach set of temporal
mitialization points is associated with a shice or picture of the two or more shices or
pictures and includes ove or more teraporal mitialization points; deternune a first set of
temporal initialization points assoeiated with a slice or picture, from among the two or
more slices or pictures, based on at least one of a slice type, a temporal identification
value, or a quantization parameter {QP) value of the shice or picture; remove the first set
of temporal initialization points, from the buffer, that is associated with the slice or
picture; and store, in the buffer, a second set of temporal initialization points associated
with the current slice ot picture, wherein the second set of teruporal mitialization points
are based on the determined one or more context values.

(8287} Clause 12A.  The device of clause 11A, wherein to determine the first set of
temporal initialization points, the processing circuitry is configured to determine the
furst set of temporal inttialization poiots associated with the slice or picture, from among
the two or more slices or pictures, having at least one of a smallest temporal
identification value or quantization parameter (3P) value from among temporal
identification values or QF values of the two or more slices or pictures.

0288} Clause 13A.  The device of clause 124, wherein to determine the shice or
picture having at least one of the smallest temporal identification value or QP value
from among the two or more slices or pictures, the processing circuitry is configured to
determaine the slice or picture baving the smallest tenporal identification value from
among temporal identification values of the two or more slices or pictures.

(8289} Clause 14A.  The device of clause 12A, wherein to determine the slice or
pictare having at least one of the smallest temporal identification value or QF value
from among the two or more slices or pictures, the processing cireutiry is contigured to
determine the shice or picture having the smallest QP value from QP values of the two
or more slices o1 pictures.

(0290} Clause 15A.  The device of any of clauses 11A-14A, wherein the processing

circuitry 18 configured to: determine that at least one of a temporal wdentification value
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or QF value for the current shice or picture 15 different than a teroporal dentification
value or QP value for each of the two or more slices or pictures, wherein the temporal
wdentification valae or QP vahue of the slice or piebure assoctated with the first set of
temporal initialization points is different than the temporal identification value or QP
value of the current slice or picture, and wherein to remove the first set of temporal
mitialization pomnts, the processing circuitry 1s configured to remove the first set of
temporal mitialization points based on the determination that at least one of the temporal
identification value or QP value for the current slice or picture is differcnt than the
temporal identification value or QP value for each of the two or more slices or pictures.
(8291} Clanse 16A.  The device of any of clauses 11A-15A, wherein the current slice
or picture is a first slice or picture, and wherein the processing circuitry is configured to:
determine ong or more context values for at least one context used for encoding or
decoding a second slice or pictare; determine a third slice or picture, from the two or
more slices or pictures, having at least one of a temporal wdentification valae, QP value,
or slice type that is same as a temporal identification value, QP value, or slice type of
the second shce or picture; remove a third set of temporal initialization points, from the
buffer, that is associated with the third slice or picture: and store, in the buffer, a fourth
set of temporal initialization points associated with the second shice or picture based on
the determuned one or more context values for at least one context used for encoding or
decoding the second slice or picture.

16292} Clause 17A. The device of any of clauses 11A-16A, wherein the processing
circuitry is configured to: determine a set of tomporal initialization points stored in the
buffer; inthialize one or more context values for at least one context used for encoding or
decoding a subsequent slice or pictare based on the determined set of temporal
initialization pomtis; and context-based arithmetic encode or decode the subsequent slice
ot picture.

(6293} Clause 18A.  The device of clause 17A, wherein the processing civcuitry is
configured to: determine a temporal identification value for the subsequent slice or
picture; determine that none of two or more slices or pictures having associated sets of
temporal initalization points stored 1n the buffer bave a teraporal wdentification value
equal to the temporal identification value for the subsequent shice or picture; determine a
second sfice or picture from among the two or more slices or pictures having a temporal
wdentification value that 1s closest to and less than the temporal identification value of

the subsequent slice or picture, wheren to determine the set of temporal mitialization
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points, the processing circuitry is configured to select the set of temporal mitialization
points associated with the second shice or picture.

(6294} Clanse 19A.  The device of elause 17A, wherein the processing circuitry s
configured to: determine a QF value for the subsequent slice or picture; determine that
vone of two or more slices or pictures baviog associated sets of temporal initialization
points stored in the buffer have a QP value equal to the QP value for the subsequent
slice or picture; determine a second slice or picture from among the two or more slices
or pictures having a QP value that s closest to the QP value of the subscquent shice or
picture, wherein to determine the set of temporal inthalization points, the processing
circuttry is configured to select the set of initialization points associated with the second
stice or picture.

(0295} Clause 20A.  The device of any of clauses 11A-19A, whercin to store the
second set of initialization points the processing circuitry is configured to, subsequent to
processing a last coding tree unit {CTU) of the current slice or picture, store the second
set of teroporal initialization points.

(6296} Clause 21A.  The device of any of clauses 11A-20A, wheremn the device
comprises one or more of a camera, a computer, a mobile device, a broadeast receiver
device, or a set-top box.

[8297] Clause 22A. A computer-readable storage mediwm storing instructions thercon
that when executed canse one or more processors to: determine one or more context
values for at least one context used for encoding or decoding a current slice or picture;
determine that a buffer for storing sets of temporal initialization points from two or
more slices or pictures for context-based anthmetic coding is full, wherem each sct of
temporal initialization points 1s associated with a slice or picture of the two or more
slices or pictures and includes one or more temporal initialization points; determine a
first set of temporal inttialization points associated with a slice or picture, from among
the two or more slices or pictares, based on at least one of a shice type, a temporal
identification value, or or quantization parameter {QP) value of the slice or picture;
remove the first set of temporal initialization potnts, from the buffer, that is associated
with the slice or picture; and store, in the buffer, a second set of temaporal mitialization
points associated with the current shice or picture, wherein the second set of temporal

initialization points arc based on the determined one or more context values.
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10298] Clause 23A.  The computer-readable storage medium of clause 224, further
comprising instructions that cause the one or more processors to perform the method of
any of clauses 1A-10A.

16299} Clause 24A. A device for processing video data, the device comprising: means
for detcrmming one or more context values for at feast one context used for encoding or
decoding a current slice or picture; means for determining that a buffer for storing sets
of temporal initialization points from two or more slices or pictares for context-based
arithmetic coding ts full, wherein cach set of temporal inttialization points is assoctated
with a slice or picture of the two or more shices or pictures and includes one or more
temporal initialization points; means for determining a first set of temporal initialization
points associated with a shice or picture, from among the two or more slices or picturgs,
based on at feast one of slice type, a temporal identification value, or a quantization
parameter (QP)} value of the shice or picture; means for removing the first set of
temporal mitialization points, from the buffer, that is associated with the slice or picture;
and means for storing, n the buffer, a sccond set of teraporal intialization points
associated with the current shice or picture, wherein the second set of temporal
initialization points are based on the determined one or more contest vahies.

(8300 Clanse 25A.  The device of clause 24A, further comprising instructions that
cause the one or more processors to perform the method of any of clauses FA-10A.
{301} It 15 to be recognized that depending on the example, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or left out altogether {c.g., not all described acts or cvents are necessary
for the practice of the techniques). Moreover, in cortamn examples, acts or events may
be performed concuarrently, e.g., through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.

[8302] 1o one or more exaraples, the functions deseribed may be implemented in
hardware, software, firmware, or any combination thereof. If mmplemented o software,
the functions may be stored on or fransmitted over as one or more instructions or code
on a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include compuier-readable storage media, which
corresponds to a tangible mediumn such as data storage media, or conwnunication wedia
including any medium that facilitates transter of a computer program from one place o
another, ¢.g., according to a comnwumication protocol. In this manner, computer-

readable media generally mav correspond to (1) tangible computer-readable storage
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media which is non-transtiory or {2} a convounication medium such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
OnE OF MOIe COMPULETs OF oNe Of More processors (o retrieve mstroctions, code and/or
data structures for implementation of the techaiques described in this disclosure. A
computer program product may melude a computer-readable medium.

13303} By way of example, and not mitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desired program code mn the form of nstructions or data structures
and that can be accessed by a compater. Also, any conngction is properly termed a
computer-readable medium. For example, if instractions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber Hine (DSL}, or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL. or wireless
echuologies such as infrared, radio, and microwave are included in the definition of
medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transitory
media, but are instead directed to non-transitory, tangible storage media. Disk and dise,
as used heretn, includes compact disc (D), laser disc, optical disc, digital versatile disc
{DVD}, floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while dises reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

(8304} Instructions mayv be executed by one or more processors, such as one or more
DSPs, general purpose microprocessors, ASICs, FPGAs, or other equivalent integrated
or discrete logic circuitry. Accordingly, the terms “processor” and “processing
circuitry,” as used herein may refer to anv of the foregoing structures or any other
structure suitable for twplementation of the techmiques described herein. In addition,
some aspects, the fumctionality described herein may be provided within dedicated
hardware and/or software modules configured for encoding and decoding, or
mcorporated in a combined codec. Also, the techniques could be fully miplemented 1o

one or more circwts or logic elements.

o

[8305] The techniques of this disclosure may be mplemented in a wide variety of
devices or apparatuses, including a wircless handset, an integrated civeuit (IC) ora set of

ICs {e.g., achip set). Vartous components, modales, or units are described m this
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disclosure to eraphasize functional aspects of devices configured to perform the
disclosed technigues, but do not necessarily require realization by different hardware
anits. Rather, as described above, varions units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware,
{8306} Various examples have been deseribed. These and other examples are within the

scope of the following claims.
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WHAT IS CLATMED IS:

i A methed of processing video data, the method comprising:

determining one or more context values for at least one context used for
encoding or decoding a current slice or picture;

determining that a buffer for storing sets of temporal initialization points from
two or more slices or pictures for context-based arithmetic coding is full, wherein each
set of tomporal mitialization points is associated with a shice or picture of the two or
moore stices or pictures and mcludes one or more temporal nitialization points;

determining a first set of temporal mnitiadization points associated with a shice or
picture, from among the two or more slices or pictures, based on at least one of a shice
type, a temporal identification value, or a quantization parameter {QF) value of the slice
of picture;

removing the first set of temporal initialization points, from the buffer, that is
associated with the slice or picture; and

storing, in the buffer, a second set of temporal imtialization points associated
with the current slice or picture, wherein the second set of temporal initialization points

are based on the determined one or more context values.

2. The method of claim 1, wherein determining the first set of temporal
initialization pomnts comprises determining the first set of temporal initialization points
associated with the slice or picture, from among the two or more slices or pictures,
having at least one of a smallest temporal identification value or quantization parameter
{Q3P) value from among temporal identification vatues or QP values of the two or more

slices or pictures.

3 The method of clan 2, wherem determuung the shice or picture having at least
one of the smallest temporal identification value or QP value from among the two or
more slices or pictures comprises determiniag the slice or picture having the smallest
temporal identification value from among temporal identification valucs of the two or

more slices or pictures.
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4. The method of clain 2, wherein deterouning the slice or picture having at least
one of the smallest temporal identification value or QP value from among the two or
more slices or pictares comprises deterpuning the slice or pictire having the smallest

QF value from among 3P values of the two or more shices or pictures.

5. The method of claim 1, further comprising:

determining that at least one of a temporal identification value or QF value for
the current slice or picture is difforent than a temporal identification value or QP value
for cach of the two or more slices or pictures,

wherein the temporal identification valae or QP value of the slice or pictare
associated with the first set of temporal inttialization points is different than the
temporal identification value or QP value of the current slice or picture, and

wherein removing the first set of temporal initialization points comprises
removing the first set of temporal initialization points based on the determination that at
least one of the temporal identification value or QP value for the current slice ot picture
1a different than the temporal identification value or QP value for each of the two or

more slices or pictares.

6. The method of claim 1, wherein the current slice or picture is a first slice or
picture, the method further comprising:

determining one or more context values for at least one context used for
encoding or decoding a second slice or picturg;

determining a third shice or picture, from the two or more slices or pictures,
having at least one of a teraporal wentification value, QP value, or shice type that 1s
same as a temporal wdentification value, QP value, or slice tvpe of the sccond slice or
pictare;

removing a third set of temaporal inttialization points, from the buffer, that is
assoctated with the third slice or picture; and

storing, in the buffer, a fourth set of temporal imtiahization points associated
with the sccond slice or picture based on the determined one or more context values for

at least one context used for encoding or decoding the second slice or picture.
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The method of claim 1, further comprising:

determining a set of temporal initialization points stored in the buffer;
mtializing one or more context values for at least one context used for encoding
or decoding a subsequent slice or picture based on the determined set of temporal
tnitialization points; and

context-based arithmetic encoding or decoding the sabsequent shice or picture.

8. The method of claim 7, further comprising:
determining a temporal identification value for the subsequent slice or picture;
determining that none of two or more slices or pictures having associated sets of
temporal intialization poinds stored in the buffer have a temporal identification value
cqual to the temporal dentification value for the subsequent slice or picture; and
deternuning a second slice or picture from among the two or more shices or
pictares having a temporal identification value that is closest to and less than the
terporal identification value of the subsequent slice or picture,
wherein determining the set of temporal itialization points comprises selecting

the set of temporal imtiahization points associated with the second slice or picture.

9. The macthod of claun 7, further comprising

determining a QP value for the subsequent slice or picture;

deternuning that none of two or more shices or pictures having associated sets of
temporal mitialization points stored in the buffer have a QP value equal to the QF value
for the subsequent slice or picture; and

determining a second slice or picture from among the two or more slices or
pictures having a QP value that is closest to the QP value of the subsequent slice or
picture,

wherein determining the set of temporal mitialization points comprises selecting

the set of mitialization points associated with the second slice or picture.
10, The method of claim |, wherein storing the second set of inttialization poiots

comprises, subsequent to processing a last coding tree unit (CTU) of the current slice or

picture, storing the second set of temporal initialization points.
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11, A device for processing video data, the device comprising:
a buffer configured to store sets of temporal imtiahization points from two or
more shices or pictures for context-based arithmetic coding; and
processing circuitry coupled fo the buffer, the processing circuitry configured to:
determine one or more context values for at least one context used for
encoding or decoding a current slice or pictare;
determine that the buffer for stoning sets of temporal mitialization points
from two or more slices or pictures for context-based arithmetic coding is full,
wherein each set of temporal nitialization points is associated with a slice or
picture of the two or more slices or pictures and includes one or more temporal
mitialization points;
deternine a first set of temporal tnitialization points associated with a
slice or picture, from among the two or more shees or pictures, based on at least
one of a slice type, a temporal identification value, or a quantization parameter
{QP) value of the slice or picture;
remove the first set of femporal mitialization points, from the buffer, that
is associated with the slice or pictare; and
store, in the buffer, a second set of temporal initialization points
associated with the current slice or picture, wherein the second set of temporal

mitialization points are based on the determined one or more context values.

12. The device of ¢laim 11, wherein to determine the first set of temporal
mrtialization points, the processing eircuitry is configured to determine the first set of
temporal initialization points associated with the slice or picture, from among the two or
more slices or pictures, having at least one of a smallest temporal identification value or
quantization parameter {(QP) value from among temporal identification values or QP

values of the two or more slices or pictures.

13. The device of claim 12, wherein to determine the slice or picture having at least
one of the smallest temporal identification value or QF value from among the two or
more slices or pictures, the processing circuitry s configured to deternune the slice or
picture having the smallest temporal identification value from among temporal

wdentification values of the two or more slices or pictures.
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14, The device of claim 12, wherein to determine the slice or picture baving at least
one of the smallest temporal identification value or QP value from among the two or
more slices or pictares, the processing circuitry is configured to determine the slice or
picture having the smallest QP value from QP values of the two or more slices or

pictures.

15. The device of claim 11, wherein the processing cireuiiry is configured to:

deternine that at least one of a teraporal identification value or QP value for the
current slice or picture 1s different than a temporal identification value or QP value for
cach of the two or more slices or pictures,

wherein the temporal identification value or QP value of the slice or pictare
associated with the first set of teruporal initialization points s difforent than the
temporal identification valae or QP value of the current slice or picture, and

wherein to remove the first set of temporal initialization points, the processing
circutiry is configured to remove the first set of temporal titialization pownts based on
the determination that at least one of the temporal identification value or QP value for
the current slice or picture is different than the temporal identification valae or QP value

for cach of the two or more slices or pictures.

16, Thedevice of claim 11, wherein the carrent slice or picture 1s a first slice or
pictare, and wherein the processing circuitry is configured to:

determine one or more context values for at least one context used for encoding
or decoding a second shice or picture;

determine a third slice or picture, from the two or more shices or pictures, having
at least one of a temporal identification value, QP value, or slice tvpe that is same as a
temporal identification value, QP value, or slice tvpe of the second shice or picture;

remove a third set of temporal intialization points, from the buffer, that is
assoctated with the third shice or picture; and

store, in the butfer, a fourth set of temporal initialization points associated with
the sccond slice or picture based on the determined one or more context values for at

least one context used for encoding or decoding the second slice or picture.
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17. The device of claim 11, wherein the processing cireuttry is configured to:
determine a set of temporal imbialization points stored in the buffer;
imtialize one or more context values for at least one context used for encoding or
decoding a subsequent slice or picture based on the determined set of temporal
tnitialization points; and

context-based arithmetic encode or decode the subsequent slice or picture.

18, Thedevice of claim 17, wherein the processing circuitry is configured to:
determine a temporal identification value for the subsequent slice or picture;
determine that none of two or more slices or pictures having associated sets of

temporal iratialization points stored in the buffer have a temporal identification value

cqual to the temporal dentification value for the subsequent shice or picture; and
deternune a second slice or picture from among the two or more slices or
pictares having a temporal identification value that is closest to and less than the
temporal identification value of the subsequent shice or picture,
wherein to determine the set of temporal initialization points, the processing
circuitry is configured to select the set of temporal initialization points associated with

the second slice or picture.

19. The device of claim 17, wherein the processing cireuitry is configured to:

determine a QP value for the subsequent shice or picture;

determine that none of two or more slices or pictures having associated sets of
temporal initialization points stored i the buffer have a QP value equal to the QP value
for the subsequent slice or pictare; and

determine a second slice or picture from among the two or more slices or
pictures having a QP value that is closest to the QF value of the subsequent slice or
picture,

wherein to determine the set of temporal initialization points, the processing
circuitry is configured to select the set of initialization points associated with the second

slice or picture.
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20. The device of claim 11, wherein to store the second set of mitialization points
the processing circuitry is configured to, subsequent to processing a last coding tree unit
{CTU) of the current shice or picture, store the sccond set of temporal initialization

points.

21 The device of claim 11, wherein the device comprises one or more of a camera,
a computer, a mobile device, a broadcast recetver device, or a set-top box.
22, A compuier-readable storage medium storing mstructions thereon that when
execuled CaUse one OF MOS Processors (0

determine one or more context values for at least one context used for encoding
or decoding a current slice or picture;

determine that a buffer for storing sets of temporal tutialization points from two
or more slices or pichures for context-based arithmetic coding is full, wherein each set of
terporal inttialization poiots s associated with a slice or picture of the two or more
slices or pictures and ncludes one or more temporal initialization points;

determine a first set of temporal initialization points associated with a slice or
picture, from among the two or more slices or pictures, based on at least one of a slice
type, a temporal identification value, or or quantization parancter {QF) value of the
slice or picture;

remove the first set of temporal tmitialization points, from the buffer, that ts
associated with the slice or picture; and

store, in the buffer, a second set of temporal iitialization points assoctated with
the carrent slice or piciure, wherein the second set of temporal mtialization points are

based on the determined one or more context values.
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23, A device for processing video data, the device comprising:

means for determinming one or more context values for at least one context used
for encoding or decoding a current slice or picture;

means for determining that a buffer for storing sets of temporal initialization
points from two or more shices or picturcs for context-based artthmetic coding s full,
wherein each set of temporal initialization points is associated with a slice or picture of
the two or more shices or pictures and includes one or mare temporal initialization
points;

means for determining a furst set of teraporal mitialization ponts associated with
a slice or picture, from among the two or more slices or pictures, based on at least one
of slice type, a temporal identification value, or a quantization parameter (QF) value of
the slice or picture;

means for removing the first set of temporal initialization points, from the
buffer, that is assoctated with the slice or picture; and

means for storing, in the buffer, a second st of temporal inttialization poings
associated with the current shice or picture, wherein the second set of temporal

initialization points are based on the determined one or more contest vahies.
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